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OPTICAL ELEMENT, THIN FILM STRUCTURE, OPTICAL SWITCH, AND 
METHOD OF MANUFACTURING OPTICAL ELEMENT 

This application claims is a continuation-in-part of 
5 application PCT/ JP02/13292 filed on December 19, 2002, 
designating the United States of America, which claims a 
priority based on Japanese Patent Applications No . 2002-2729 
filed on January 9, 2002 and No . 2002-301878 filed on October 
16, 2002. And this application claims a priority based on 
10 Japanese Patent Applications No. 2002-291400 filed on 
October 3, 2002, No. 2002-2729, and No . 2002-301878. The 
entire contents of which are incorporated herein by reference 
for all purpose. 

BACKGROUND OF THE INVENTION 
15 The present invention relates to an optical element 

formed of a thin film, and an optical switch including the 
optical element. 

An optical switch in which a minute mirror is moved 
by an actuator and is inserted into an optical path, thereby 

20 to change-over the optical path, is described in, forexample, 
the Japanese Patent Application Laid-open No. 2001-42233. 
With the optical switch, a movable electrode plate on which 
the minute mirror is mounted is formed by micromachining 
technology. Theminutemirror has areflective surfacewhich 

25 is perpendicular to the principal plane of the movable 
electrode plate . A fixed electrode is arranged at a position 
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opposite to the movable electrode plate, and a voltage is 
applied between the movable electrode plate and the fixed 
electrode, whereby the movable electrode plate is moved by 
an electrostatic force . Thus , the minute mirror is inserted 
5 into the optical path or taken out of the optical path. 

With the optical switch described in the Japanese Patent 
Application Laid-open No. 2001-42233, in order to form the 
mirror on the movable electrode plate, a photoresist film 
which has a thickness corresponding to the height of the 
10 mirror is formed on a thin film which is to become the movable 
electrode plate, an etching hole in the shape of the mirror 
is provided in the photoresist film, and a metal film is 
grown within the etching hole by plating, whereupon the 
photoresist film is removed. 
15 Also the Japanese Patent Application Laid-open No. 

2001-142008 discloses an optical switch in which a minute 
mirror is mounted on an actuator and is moved into an optical 
path by the actuator, thereby to change-over the optical 
path. 

20 Besides, Sensors and Actuators A, 33(1992)249-256, 

"Microfabricated Hinges" discloses that a film to serve as 
a plate is formed on a substrate, and that the plate is raised 
up perpendicularly to the substrate, thereby to form the 
plate which is perpendicular to the substrate. In a process 

25 which forms the film to serves as the plate, a hinge structure 
which joins one end part of the plate and the substrate is 
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formed. The plate is raised up about the hinge, thereby to 
finish up a minute vertical structure. 

SUMMARY OF THE INVENTION 
5 As explained above, the minute mirror of the optical 

switch described in the Japanese Patont Application 
Laid-open No. 2001-42233 is formed in such a way that the 
etching hole is provided in the photoresist film which is 
formed to the thickness corresponding to the height of the 
10 mirror, and that the etching hole is filled up with the metal 
film by the plating. Accordingly, a mirror surface comes 
to have a shape which is reverse to the surface shape of 
the flank of the etching hole. With the present-day etching 
technology of the photoresist film, however, it is difficult 
15 to control the angle of the flank of the etching hole relative 
to the principal plane of the movable electrode plate, and 
it is also difficult to smoothen the surface roughness of 
the flank. Therefore, the method described in the Japanese 
Patent. Application Laid-open No. 2001-42233 is difficult 
20 of manufacturing a mirror whose reflective surface is 
perpendicular to the movable electrode plate and whose 
reflection factor is high. 

Besides, a minute mirror structure and a manufacturing 
method therefor are not described in detail in the Japanese 
25 Patent Application Laid-open No. 2001-142008. 

Further, it is considered to apply to the mirror of 
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an optical switch the construction in which the plate is 
vertically raised up and supported by the hinge, as described 
in Sensors and Actuators A, 33(1992)249-256, 
"Microf abricated Hinges" . Since, however, the plate formed 
5 by a thin-film process is vertically supported by the hinge 
being a multilevel structure formed by a thin-film process, 
the construction is liable to become shaky and is difficult 
of attaining a mechanical strength. It is therefore 
difficult to keep the plate perpendicular to the surface 

10 of the substrate. 

The object of the present invention to provide an 
optical element which includes a reflection portion capable 
Of reflecting a light beam in a desired direction. 

In order to accomplish the object, according to the 

15 present invention, an optical element as described below 
is provided. 

The optical element comprises a substrate, a light 
reflection portion, and a support portion which supports 
said light reflection portion over said substrate; 
20 each of said light reflection portion and said support 

portion being constructed of at least one film; 

said support portion having one end part fixed to said 
substrate and having the other end part joined with the film 
which constructs said light reflection portion, and bending 
25 from said one end part toward said other end part, thereby 
to support a principal plane of said film constructing said" 
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light reflection portion, non-parallelly to a principal 
plane of said substrate. 

The above optical element can be so constructed that 
said support portion supports the principal plane of said 
5 film constructing said light reflection portion, 
perpendicularly to said substrate. 

The above optical element can be so constructed that 
said support portion is constructed of a multilayer film 
in which at least two films having different coefficients 
10 of thermal expansion are stacked. 

The above optical element can be constructed so as to 
further comprise a holding portion which keeps constant an 
angle between the principal plane of said film constructing 
said light reflection portion and the principal plane of 

15 said substrate. 

The above optical element can be so constructed that 
said holding portion is an angle holding portion which is 
interposed between said light reflection portion and said 
substrate; and that said angle holding portion includes a 

20 film which has one end part fixed to said substrate, and 
which bends from said one end part toward the other end part. 

The above optical element can be so constructed that 
said angle holding portion lies in touch with either said 
light reflection portion or said support portion, and that 

25 it includes positional shift prevention means for preventing 
a relative positional shift between said angle holding 
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portion and said light reflection portion or said support 
portion, at the touch part of said light reflection portion 
or said support portion. 

The above optical element can be so constructed that 
5 said positional shift prevention means is a groovy structure 
which is formed in said light reflection portion or said 

support portion. 

The above optical element can be so constructed that 

a film surface of said film of said angle holding portion 
10 is perpendicular to said principal plane of said light 

reflection portion, and that a side surface of said film 

of said angle holding portion lies in touch with said light 

reflection portion. 

The above optical element can be so constructed that 
15 at least one such angle holding portion is arranged on each 

of both sides of saidprincipal plane of said light reflection 

portion . 

The above optical element can be so constructed: 
that a sense of the bending of said film of said angle 
20 holding portion is reverse to a sense of the bending of said 
film constructing said support portion; and 

that a second light reflection portion is joined to 
said other end part of said film of said angle holding portion, 
and it is placed on said light reflection portion. 
25 The above optical element can be so constructed that 

said light reflection portion is suspended from said other 
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end of the bent film of said support portion toward said 
substrate. 

The above optical element can be so constructed that 
said holding portion is a thin-film multilevel structure 

5 which lies in touch with part of a member constituting said 
light reflection portion, that said thin-film multilevel 
structure has a plurality of unit structural members which 
are successively stacked on said substrate, that said each 
unit structural member includes a support part and a flat 

10 part supported by said support part, that said support part 
and said flat part are unitarily constructed of a continuous 
thin film, and that the stacked unit structural members have 
the thin films secured to each other at parts where they 

touch each other. 

15 The above optical element can be so constructed that 

said thin-f ilmmultilevel structure lies in touch with either 
said light reflection portion or said support portion, and 
it includes positional shift prevention means for preventing 
a relative shift between said thin-f ilmmultilevel structure 

20 and said light reflection portion or said support portion, 
at the touch part of said light reflection portion or said 

support portion. 

The above optical element can be so constructed that 
said positional shift prevention means is a groovy structure 
25 which is formed in said light reflection portion or said 
support portion. 
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Besides, according to thepresent invention, an optical 
element as described below is provided. 

The optical element comprises a substrate, a light 
reflection portion, and a support portion which supports 
5 said light reflection portion over said substrate; 

said light reflection portion being construct Art ftf a 

film; 

said support portion including at least two coupled 
members, a first member of which has one end part fixed to 
10 said substrate and has the other end part joined through 
the other member with said film constructing said light 
reflection portion, and bends from said one end part toward 
said other end part, thereby to support a principal plane 
of said film constructing said light reflection portion, 
IS non-parallelly to a principal plane of said substrate. 

The above optical element can be so constructed that 
said support portion includes the second member, that said 
second member is a bent film, and that a sense of the bending 
of said second raembet is reverse to a sense of the bending 
20 of said first member. 

The. above optical element can be so constructed that 
said film constructing said light reflection portion is 
formed with a stepped structure at its peripheral edge part* 
The above optical element can be constructed so as to 
25 further comprise a temperature regulation portion for 
keeping a temperature of said support portion constant. 
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The above optical element can be so constructed that 
said light reflection portion employs as its light reflection 
surface, a surface of said film constructing said light 
reflection portion which has been on a side of said substrate 
5 during film formation. 

Besides, according to the present invention, a thin 
film structure as described below is provided. 

The thin film structure comprises a substrate, a flat 
plate, and a support portion which supports said flat plate 

10 over said substrate; 

said support portion being constructed of at least one 

film; 

said support portion having one end part fixed to said 
substrate and having the other end part joined with said 
15 flat plate, and bending from said one end part toward said 
other end part, thereby to support a principal plane of said 
flat plate non-parallelly to a principal plane of said 
substrate. 

Besides, according to the present invention, a thin 
20 film structure as described below is provided. 

The thin film structure comprises a substrate, a flat 
plate, and a support portion which supports said flat plate 
over said substrate; 

said support portion including at least two coupled 
25 members, a first member of which has one end part fixed to 
said substrate and has the other end part joined with said 
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flat plate through the other member, and bends from said 
one end part toward said other end part, thereby to support 
a principal plane of said flat plate non-parallelly to a 
principal plane of said substrate. 
5 Besides, according to the present invention, an optical 

switch as described below is provided- 

The optical switch comprises a mirror portion, and a 
movable portion on which said mirror portion is mounted; 
said mirror portion including a light reflection 
10 portion, and a support portion which supports said light 
reflection portion over said movable portion; 

each of said light reflection portion and said support 
portion being constructed of at least one film; 

said support portion having one end part fixed to said 
15 movable portion and having the other end part joined with 
the film which constructs said light reflection portion, 
and bending from said one end part toward said other end 
part, thereby to support a principal plane of said film 
constructing said light reflection portion, non-parallelly 
20 to a principal plane of said movable portion. 

Besides, according to the present invention, an optical 
switch as described below is provided. 

The optical switch comprises a mirror portion, and a 
movable portion on which said mirror portion is mounted; 
25 said mirror portion including a light reflection 

portion, and a support portion which supports said light 



10 



03-10-01 ;07;55PM;^03WtfO^gyA^ MORGAN LEWIS ; 0453 1 6370 1 # 14/1 



reflection portion over said movable portion; 

said light reflection portion being constructed of a 

film; 

said support portion including at least two coupled 
5 members, a first member of which has one end part fixed to 
saidmovabl© portion and has the othpr ftndpart joined'through 
the other member with said film constructing said light 
reflection portion, and bends from said one end part toward 
said other end part, thereby to support a principal plane 
10 of said film constructing said light reflection portion, 
non-parallelly to a principal plane of said movable plate. 

Besides, according to the present invention, a method 
of manufacturing an optical element as described below is 
provided. 

• 15 The method of manufacturing an optical element 

comprises the steps of; 

forming a sacrificial layer which has an opening, on 
a substrate, 

forming a support film of predetermined shape on that 
20 position of said sacrificial film which includes said opening, 
and forming a light reflection film on that position of said 
sacrificial film which is joined with one end part of said 
support film; and 

the step of removing said sacrificial film, whereby 
25 said support film is bent by an internal stress of said support 
film so as to support a principal plane of said light 
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reflection film non-parallelly to a principal plane of said 
substrate. 

The above method of manufacturing an optical element 
can be so constructed that said sacrificial layer is formed 

5 of a resist. 

The above method of manufacturing an optical element 
can be so constructed that said support film is formed of 
a stacked structure of at least two layers having different 
coefficients of thermal expansion. 
10 Besides, according to the present invention, an optical 

switch as described below is provided. 

The optical switch comprises a mirror portion which 
includes a light reflection member, a movable portion on 
which said mirror portion is mounted, and a holding portion 
15 which lies in touch with part of a member constituting said 
mirror portion, in order to keep an angle of said light 
reflection member; 

said holding portion being a thin-film multilevel 

structure; 

20 said thin-f ilmmultilevel structure having a plurality 

of unit structural members which are successively stacked 

on said movable portion; 

said each unit structural member including a support 

part and a flat part supported by said support part, said 
25 support part and said flat part being unitarily constructed 

of a continuous thin film; 
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the stacked unit structural members having the thin 
films secured to each other at parts where they touch each 
other . 

The above optical switch can be so constructed that 
5 said thin-f ilmmultilevel structure lies in touch with either 
said light reflection portion or said support portion, and 
it includes positional shift preventionmeans for preventing 
a relative shift between said thin-f ilmmultilevel structure 
and said light reflection portion or said support portion, 
10 at the touch part of said light reflection portion or said 
support portion. 

The above optical switch can be so constructed that 
said positional shift prevention means is a groovy structure 
which is formed in said light reflection portion or said 
15 support portion. 

The above optical switch can be so constructed that 
said mirror portion includes a support portion in order to 
support said light reflection member over said movable 
portion. 

20 In this case, said support portion can include at least 

two coupled members, a first member of which has one end 
part fixed to said movable portion and has the other end 
part joined with said light reflection member through the 
other member, and bends from said one end part toward said 

25 other end part, thereby to support said light reflection 
member non-parallelly to a principal plane of said movable 
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portion. 

The above optical switch can be so constructed that 
said thin film constructing said each unit structural member 
is formed with a stepped structure at its peripheral edge. 
5 The above optical switch can be so constructed that 

said support part of the unit structural member lor.ated at 
an upper stage is mounted on said flat part of the unit 
structural member at an immediately lower stage. 

The above optical switch can be so constructed that, 
10 in the stacked unit structural members, said unit structural 
member located at the upper stage is smaller in the number 
of the support parts. 

The above optical switch can be so constructed that, 
in said plurality of unit structural members, the unit 
15 structural member of lowermost stage is constructed 
unitarily with said movable portion. 

■ The above optical switch can be so constructed that 
at least one of said plurality of unit structural members 
is constructed by patterning the same thin film as a thin 
20 film which forms said member constituting said mirror 
portion. 

The above optical switch can be so constructed that 
said thin film constructing said each unit structural member 
is a triple-layer film, in which a film of uppermost layer 
25 and a film of lowermost layer are of the same material. 

Besides, according to the present invention, an optical 
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switch as described below is provided. 

The optical switch comprises a mirror portion which 
includes a light reflection member, a movable portion on 
which said mirror portion is mounted, and a holding portion 
5 which lies in touch with part of a member constituting said 
minoi portion, in order to keep an angle of said light 
reflection member; 

said holding portion being a thin-film multilevel 

structure; 

10 said thin-f ilmmultilevel structure having a plurality 

of unit structural members which are successively stacked 

on said movable portion; 

said each unit structural member including a support 

part which has a hollow opening, a flat part which covers 
15 said opening, and a filling material with which said hollow 

opening of said support portion is filled up, each of said 

support part and said flat part being formed of a thin film; 
the stacked unit structural members being such that 

said support part of the unit structural member located at 
20 an upper stage is mounted on said flat part of the unit 

structural member at an immediately lower stage. 

The above optical switch can be so constructed that 

said thin-f ilmmultilevel structure lies in touch with either 

said light reflection portion or said support portion, and 
25 it includes positional shift preventionmeans for preventing 

a relative shift between said thin-f ilmmultilevel structure 
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and said light reflection portion or said support portion, 
at the touch part of said light reflection portion or said 
support portion. 

The above optical switch can be so constructed that 
5 said positional shift prevention means is a groovy structure 
which is foxuted in said light reflection portion or said 
support portion. 

The above optical switch can be so constructed that 
said thin film which constructs said support part of the 
10 unit structural member located at an upper stage, and said 
thin film which constructs said flat part of the unit 
structural member at a lower stage for mounting said support 
part are secured to each other . 

Besides, according to the present invention, an optical 
15 switch as described below is provided* 

The optical switch comprises a substrate, a movable 
portion one end part of which is fixed to said substrate, 
and a mirror portion which is mounted on a side of the other 
end part of said movable portion; 
20 said movable portion being constructed of at least two 

films, and being bent by internal stresses of said at least 
two films, thereby to raise the other end part bearing said 
mirror portion, over said substrate; 

saidmirror portion including a light ref lectionmember 
25 which is mounted on said movable portion so that a light 
reflection surface may be directed perpendicularly to a 
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principal plane of said substrate; 

said light reflection member being inclinedly mounted 
0 n said movable portion so that its upper end edge may become 
parallel to said substrate in a state where said movable 
5 portion has raised said mirror portion. 

Besides, according to the present invention, an optical 
element as described below is provided. 

The optical element comprises a substrate, an optical 
f ilmwhichhas a desiredoptical characteristic, and a support 
10 portion which supports saidoptical film over said substrate; 

said support portion being constructed of at least one 

film; 

said support portion having one end part fixed to said 
substrate and having the other end part joined with a film 
15 constructing said optical film, directly or through another 
.ember, and bending from said one end part toward said other 
end part, thereby to support a principal plane of said film 
constructing said optical film, non-parallelly to a 
principal plane of said substrate. 
20 Besides, according to the present invention, anoptical 

device as described below is provided. 

The optical device comprises an optical element, a 
movable portion on which said optical element is mounted, 
and a substrate which holds said movable portion; 
25 said movable portion being made of at least one film, 

n.rt fixed to said substrate and having said 
having one end part rixea m 
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optica! element mounted on a .Id. of the other end pert, 
at least a part near the fixed end part being formed of a 
stacked structure in which at least two films are started, 
said stacked structure being bent by an internal stress, 
S thereby to support said other end part at a position remote 
from said substrate; 

said movable portion being formed with a stepped 
structure along a peripheral edge of its part bearing said 

optical element, 
L0 The above optical device can be so constructed that. 

in order to for. said stepped structure, a film constructing 
said movable portion is formed with a convex portion elong 
the peripheral edge of its part bearing said optical element . 
Besides, according to the present invention, an optical 
15 device as described below is provided. 

The optical device comprises an optical element, a 
movable portion on which said optical element is mounted, 
and a substrate which holds said movable portion; 

said movable portion being, at least partially, a 
20 started structure made of at least two films, having one 
ana part fixed to said substrate and bavin, said optica! 
alament mounted on a side of the other end part, said steered 
structure beingbent by an internal stress, thereby to support 
said other end part at a position remote from said substrate; 
25 said stacked structure including a metal film, sard 

„t.l film being patterned into a predetermined pattern, 
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sai d pattern including an electrode pattern for an 
electrostatic force as act, an electrode for drivin, sard 
movable portion by the electrostatic force. 

The above optical device can be so constructed that 
5 said pattern of said metal f U- further includes a current 
parh patLern for a Lor.nts force as acts as . current path 
tor driving said movable portion by the Lorentz force. 

The above optical device can be so constructed that 
said electrode pattern for said electrostatic force and said 
XO current path pattern for said Lorentr force are respectively 
connected to voltage applying firing lines and current 
ceding wiring lines of said substrate through said one end 
part fixed to said substrate. 

The above optical device can be so constructed that 
15 said optical element includes an optical film which has a 
desired optical characteristic, and a support portion which 
supports said optical film over said movable portion; and 
that said support portion is constructed of at least 
one film; 

said support portion having one end part fixed to said 
substrate and having the other end part Joined with a f rim 
oonstructing said optical film, directly or through another 
member, and bending from said one end part toward said other 
end part, thereby to support a principal plane of said film 
25 constructing said optical film, non^parallelly to a 
principal plane of said substrate. 
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Besides, according to the present invention, en optical 
device as described below is provided. 

The opticel device comprises a substrate, an optical 
el ement which is .ounted on said substrate, end a suppression 
, portion which serves to suppress a positional fluctuation 

of said optical element; 

said optical element including an optical film which 
ha s a desired optical characteristic, and a support portion 

. , H „»tical film, said support portion 
which supports said optical 

10 including a bent film member, said film member having one 
eu d part fi*ed to said substrate and having the other end 
part raised by said bent film member, thereby to support 
a principal plane of said optical (11. non-parallelly to 
a principal plane of said substrate; 

said suppression portion suppressing a positional 

. -a „Hral film in a normal direction of 
fluctuation of said optical mm ' 

aaid optical film or in an upward direction. 

Th e above optical device can be so constructed that 
said support portion includes not only saidbent f ilmmember, 
2 0 but also a second beltliKe bent t ilmmember, a Joint portion 
and an optical-film support portion on which said optical 

film is mounted; 

that said joint portion is joined to said other end 

part of the first-mentioned ,11. ^ 

and Dart j0 ined to said joint portion and 
25 member having one end part 3 oine« 

• 4 ,^,1-film support portion joined to the other 
having said optical-f iim suppo * 
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end part hanging down from said joint portion; and 

that said suppression portion suppresses a positional 
fluctuation of said optical-film support portion in order 
to suppress the positional fluctuation of said optical film. 
5 ' The above optical device can be so constructed that 

said suppression P or Liuu is member which i o f ormcdby cutting 
and bending part of said substrate. 

The above optical device can be so constructed that 
said suppression portion is a multistage multilevel 
10 structure which is formed by stacking multilevel structures 
constructed of thin films, a plurality of stages. 

The above optical device can be so constructed that 
saidmultistage multilevel structure has ahook-shapedpart, 
and that, on this occasion, said hook-shaped part is inserted 
15 into an opening provided in said optical-film support 
portion. 

The above optical device can be so constructed that 
said multistage multilevel structure has an extension part 
which hangs over said optical-film support portion. 

20 The above optical device can be so constructed that 

said multistage multilevel structure further has means for 
suppressing a positional fluctuation of said optical-film 
support portion in a direction reverse to a direction toward 
said one end part of said film member. 

25 The above optical device can be so constructed that 

said suppression portion includes a protuberant part which 
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is provided from said optical-film support portion toward 
said substrate, and an opening which is provided in said 
substrate, and that said protuberant part is snugly fitted 

in said opening. 
5 The above optical device can be so constructed that 

said substrate is a movable substrate for moving said optical 
element, and that it is constructed of at least one film. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Fig. 1A is a sectional view of a mirror 12 in an optical 

switch in the first embodiment of the present invention as 
taken along A - A, while Fig. IB is a view of the mirror 
12 in Fig- 1A as seen in the direction of an arrow D. 

Fig. 2 is a top plan view of the optical switch in the 
15 first embodiment of the present invention. 

Fig. 3 is a sectional view of the optical switch in 
the first embodiment of the present invention as taken along 
B - B. 

Fig. 4 is a sectional view of the optical switch in 
the first embodiment of the present invention as taken along 
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Fig. 5 is a sectional view taken along B - B in the 
case where a voltage is applied to the optical switch in 
the first embodiment of the present invention, thereby to 
25 move a movable plate 21 to its lower position. 

Fig. 6 is a graph showing the relationship between the 
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voltage, which is applied to the optical switch in the first 
embodiment of the present invention, and the position of 
the mirror 12 (movable plate 21). 

Figs. 7A and 7B are sectional views showing the 
5 manufacturing process of the optical switch in the first 
embodiment of the present invention. 

Figs . 8A- 8E are enlarged sectional views of the movable 
plate 21 showing the manufacturing process of the mirror 
of the optical switch in the first embodiment of the present 

10 invention. 

Fig. 9 is a sectional view showing the manufacturing 
process of the optical switch in the first embodiment of 
the present invention. 

Fig. 10A is a sectional view of amirror 112 in an optical 
switch in the second embodiment of the present invention, 
while Fig- 10B is a view of the mirror 112 in Fig. 10A as 
seen in the direction of an arrow E. 

Fig. 11 is a top plan view showing the state of the 
mirror 112 of the optical switch in the second embodiment 
20 of the present invention, before the ashing of a manufacturing 

process . 

Fig. 12 is a sectional view of a mirror 113 in an optical 
switch in the third embodiment of the present invention- 
Fig. 13 is a top plan view showing the state of the 
25 mirror 113 of the optical switch in the third embodiment 
of the present invention, before the ashing of amanuf acturing 
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process . 

Figs- 14A - 14E are sectional views showing the 
man uf acturing process of the mirror 113 of the optical switch 
in the third embodiment of the present invention, in the 

5 direction of a section F - F. 

ng. l» i» » Sid. vi.w of a mirror US in « optical 
switch in th. fourth embodiment cf the present invention, 
while Fi9. 1H 1. a top Plen view showing the state o£ the 
Bir ror 116 of the optical switch in the fourth embodiment 

10 of th. present invention, before th.ashin, of amanufacturin, 
process ♦ 

Fig . 16 is a sectional view of a mirror 117 in an optical 
switch in the fifth embodiment of the present invention. 

Fig. 17 is a top plan view showing the state of the 
15 mirro, 117 of the optical switch in the fifth embodiment 
of the present invention, before the ashing of a manufacturing 
process . 

rig . ISA is a sectional viewof amirror 118 in an optical 
switch in the sixth embodiment of the present invention, 
20 while KB is a view of the mirror 118 as seen in th. 

direction of an arrow G in Fig. 18A. 

Fig. 19 is a top plan view showing the state of the 
m irror 118 of the optical switch in the sixth embodiment 

. flf ^ fl 4- hfl ^shiner of aiuanuf acturing 
of the present invention, before the asnmg o 

25 process* 

Figs. 20A - 20C are sectional views showing the 
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manufacturing process of the mirror 118 of the optical switch 
in the sixth embodiment of the present invention as seen ■ 
in the direction of a section H - H. 

Figs. 21A - 21C are sectional views showing the 
5 manufacturing process of the mirror 118 of the optical switch 
in the sixth embodiment of the present invention as seen 
in the direction of the section H - H. 

Fig. 22 is an explanatory view showing an optical 
switching device in the seventh embodiment of the present 

10 invention. 

Fig. 2 3 is a perspective view showing the construction 
of a movable plate 231 in an optical switch in the eighth 
embodiment of the present invention. 

Fig. 24 is a perspective view showing the construction 
15 of an optical waveguide substrate 240 in the optical switch 
in the eighth embodiment of the present invention. 

Fig. 25A is a sectional view showing the construction 
of optical switch in the eighth embodiment of the present 
invention, in the case where a voltage is applied, while 
20 Fig. 25B is a sectional view showing the construction of 
optical switch in the eighth embodiment of the present 
invention, in the case where the voltage is not applied. 

Fig. 2 6 is a perspective view showing the constructions 
of a mirror 118 and thin-film multilevel structures 5 on 
25 the movable plate 231 of an optical switch in the ninth 
embodiment of the present invention. 
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ng. 27A i. a top Plan view of the thin-f 11. multilevel 
structure 5 in Fig. 26, Fig. 27B is a sectional view of the 
thln - £ ilm multilevel structure 5 in Fig. 26 as taken along 
, - I, and Fig. 27C is a sectional view of the thin-film 

A . j. v i a 26 as taken along J - J- 
5 multilevel structure 5 in Fig. as 

rl g 28 is a Uop plan view .hewing the pattern., of the 
various parts of the mirror- 118 at an intermediate stage 
in the manufacturing process of the mirror 118 of the optical 

switch in Fig- 26. 
XO Figs. 29A - 29C are sectional views showing the 

* Tr^rrnr 118 and thin-f ili& 

nvanufacturing process of the mirror 

r f the oDtical switch in Fig. 26 as 
multilevel structure 5 of the opticax 

taken along K - K. 

Figs. 30A - 30C are sectional views showing the 
X5 manufacturing process of the mirror 11. and thin-film 
multilevel structure 5 of the optical switch in Fig. 26 as 

taken along K - K- 

31 is a sectionai view showing the construction 
o£ . thin-film multilevel structure 3002 which can he mounted 
20 insteadofthethin-filmmultilevelstructuresoftheoptical 

switch in Fig- 26. 

Fig. 32 is a sectional view showing the construction 
of a thin-f llm multilevel structure 3003 which can he mounted 
instead of the thin-f ilmmultilevel structure 3 of the optical 

25 switch in Fig. 26. 

Fig . 33 is a sectional view showing the construction 
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of a thin-filiu^ultilevel structure 3004 which canbe mounted 
instead of the thin-f ilmmultilevel structure 5 of the optica! 

switch in Fig. 26. 

Fig. 34A is a sectional view showing the construction 
5 of a mirror 118 on a movable plate 231 in an optical switch 
in the tenth embodiment of the present invention, while Fig. 
34B is a view seen in the direction of an arrow L in Fig. 
34A. 

Fig. 35 is a top plan view showing the patterns of the 
10 various parts of the mirror 11. at an interpolate stage 
in the manuf aoturing prooess of the mirror 118 of the optical 

switch in Fig. 34. 

Fig . 36A is a top plan view of the movable plate 231 
of the optical switch in the ninth embodiment of the present 

t«r i« a sectional view taken along 
15 invention, while Fig. 36B is a secnouo 

M - M in Fig. 36A. 

Fig. 37 is an explanatory view showing a pattern shape 
seen from above an Al film 362, in the movable plate 231 
of the optical switch in the ninth embodiment of the present 

20 invention- 

Tig. 38 is a graph showing the relationship between 
the waveforms of a ourrent for a Lorentz force and a voltage 
£ or an electrostatic force, which are fed in case of driving 
the optical switch in the ninth embodiment of the present 

25 invention, and the position of the movable plate 231 on that 



occasion. 
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Fig. 39 is a perspective view of the movable plate 231 
of the optical switch in the ninth embodiment of the present 
invention. 

Fig. 4 OA is a sectional view showing the construction 
5 of the optical switch in the ninth embodiment of the present 
invention, in the . late where the movable plat. 231 * . brought 
down, while Fig. 40B is a sectional view showing the 
construction in the state where the movable plate 231 raises 
the mirror 118- 

L0 Fig. 41A is a sectional view showing the construction 

of an optical switch in the tenth embodiment of the present 
invention in the state where a movable plate 231 is brought 
down, while Fig. 41B is a sectional view showing the 
construction in the state where the movable plate 231 raises 

15 a mirror 118. 

Fig . 42 is a perspective view showing the constructions 
of a mirror 118 and thin-film multilevel structures 5 on 
the movable plate 231 of an optical switch in the eleventh 
embodiment of the present invention. 
20 Fig. 43A is a view showing the relation of a touch part 

between the protuberant part 71 of the thin-film multilevel 
structure 5 and a reflection-portion support portion 105 
in the eleventh embodiment, while Fig. 43B is a view showing 
the relation of a touch part between the protuberant part 
25 71 of the thin-film multilevel structure 5 and a 
reflection-portion support portion 105 in the ninth 
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embodiment . 

Fig- 44 is a top plan view showing the patterns of the 
various parts of the mirror 118 at an intermediate stage 
in the manufacturing process of the mirror 118 of the optical 

5 switch in Fig. 42. 

Fig. 45 is a top plan view showing the pattern shapes 
of various parts before the removal of a sacrificial layer 
1141, in the caseof manufacturing themirror 1118 andstoppers 
1106 of an optical device in the twelfth embodiment of the 

10 present invention. 

Fig. 46 is a perspective view of the mirror 1118 of 
the optical device in the twelfth embodiment of the present 
invention. 

Fig. 47 is a perspective view of the mirror 1118 of 
15 the optical device in the twelfth embodiment of the present 
invention. 

Fig. 48 is a perspective view of the mirror 1118 of 
an optical device in the thirteenth embodiment of the present 
invention. 

20 Fig. 49A is a perspective view of the mirror 1118 of 

an optical device in the fourteenth embodiment of the present 
invention, while Fig. 49B is a sectional view taken along 

B - B in Fig. 49A- 

Fig. 50A is a perspective view of the mirror 1118 of 
25 an optical device in the fifteenth embodiment of the present 
invention, while Fig. 50B is a front view of each opening 
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1109 in Fig. 50A. 

Fig. 51 is a perspective view of the mirror 1118 of 
an optical device in the sixteenth embodiment of the present 
invention. 

5 Fig. 52 is a perspective view of the mirror 1118 of 

an optical device in the seventeenth embodiment of the present 
invention . 

Figs. 53A - 53C are sectional views showing the 
manufacturing process of the optical device in the twelfth 
10 embodiment of the present invention, along a section A - 

A in Fig. 45. 

Figs. 54A - 54C are sectional views showing the 
manufacturing process of the optical device in the twelfth 
embodiment of the present invention, along the section A 

15 - A in Fig. 45. 

Fig. 55A is a sectional' view showing a state where a 
movable plate 1231 on which the mirror 1118 of the optical 
device is mounted in the twelfth embodiment of the present 
invention is brought down, while Fig. 55B is a sectional 

20 view showing a state where the movable plate 1231 raises 

the mirror 1118. 

Fig. 56 is a perspective view of the mirror structure 
substrate 1230 of the optical device in the twelfth embodiment 
of the present invention. 
25 Fig. 57A is a top plan view of the movable plate 1231 

in the optical device in the twelfth embodiment of the present 
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invention, while Fig. 57B is a sectional' view taken along 

D - D in Fig. 57A. 

Fig. 58 is an explanatory view showing the pattern shape 

of an Al film 1364 with the movable plate 1231 seen from 
5 above, in the optical device in the twelfth embodiment of 
the present invention. 

Fig . 59 is a top plan view of each thin-film multilevel 
structure 1005 which is mounted on a movable plate 1231, 
in the optical device in the fifteenth embodiment of the 

10 present invention. 

Fig. 60 is a front view showing an example of another 
shape of each opening 1109 which is provided in the 
reflection-portion support portion 1105 of the mirror 1118, 
in the optical device in the fifteenth embodiment of the 

15 present invention. 

Fig. 61 is a side view of each thin-film multilevel 
structure 1005 which is mounted on a movable plate 1231, 
in the optical device in the sixteenth embodiment of the 
present invention. 



20 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Now, embodiments of the present invention will be 
described with reference to the drawings. 
(First Embodiment) 

An optical switch in the first embodiment will be 
described with reference to Figs. 1A and IB, Fig. 2, Fig. 
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3 and Fig. 4. 

As shown in Fig. 2, Fig. 3 and Fig. 4, the optical switch 
includes a semiconductor substrate 11 which is formed with 
a recess 13, a movable plate 21, and two spring portions 
5 27a, 27b which support the movable plate 21 over the substrate 
II. A mirror 12 is mount-ad uu the movable plate 21. A 
temperature regulation element (not shown) , for example, 
Peltier element is arranged under the substrate 11 in order 
to keep the temperature of the mirror 12 at a preset 

10 temperature. 

As shown in Figs . 1A and IB, the mirror 12 is constructed 
of a reflection portion 101, and a support portion 102 which 
supports the reflection portion 101 over the movable plate 
21. The reflection portion 101 is made of an Al (aluminum) 
15 film. The outer edge part of the Al film of the reflection 
portion 101 is formed with a stepped structure in order to 
afford rigidity, thereby to form a rim 101a. The support 
portion 102 is made of a multilayer film in which a silicon 
nitride film 102a and an Al film 102b are stacked, and the 

20 siliconnitride film 102a is located on the side of themovable 
plate 21. The reflection portion 101 is fixed to a joint 
portion 102d at the distal end of the support portion 102, 
the other end of which is convexed to construct a leg portion 
102c. The leg portion 102c is fixed to the movable plate 

25 21. 

The support portion 102 isbent in the shape of a circular 
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arc from the leg portion 102c to the distal-end joint portion 
I02d by a stress developing due to the difference between 
the coefficients of thermal expansion of the silicon nitride 
film 102a and the Al film 102b, and stresses having developed 
5 during the formation of the films. Thus, the principal plane 
of the reflection portion 10X1= supported at * desired angle, 
in this embodiment, perpendicularly to the principal plane 
of the movable plate 21. The film structure of the support 
portion 102 has the property that the radius of curvature 
10 of the bent enlarges with a temperature rise, whereas it 
becomes small with a temperature fall. Besides, the radius 
of curvature of the bent of the support portion 102 depends 
upon the thicknesses, etc. of the silicon nitride film 102a 
and the Al film 102b. Therefore, the thicknesses, etc. of 
15 the silicon nitride film 102a and the Al film 102b of the 
s u PP ort portion 102, and the length of this support portion 
from the leg portion 102c to the distal-end joint portion 
I02d are des ignedbef orehand in order that the support portion 
102 may become a bent state where the principal plane of 
20 the reflection portion 101 is supported perpendicularly to 
the principal plane of the movable plate 21 at the temperature 
kept by the temperature regulation element (not shown) . 

Meanwhile, as shown in Fig. 3, the movable plate 21 
is constructed of two stacked insulating films 22, 26, and 
25 an electrode film 23a interposed therebetween. Silicon 
nitride films or silicon oxide films, for example, can be 
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employed as the two insulating films 22, 26. The electrode 
film 23a is made of a metal film such as Al film. The spring 
portions 27a, 27b are endowed with springiness by patterning 
the insulating films 22, 26 in a meandering shape as shown 
5 in Fig. 2. Consequently, the movable plate 21 is movable 
in the direction of a Z-ax.i ft in each of Fig. 2, Fig. 3 and 
Fig. 4. Incidentally, the spring portion 27b has a wiring 
line 23b interposed between the insulating films 22, 26. 
One end of the wiring line 23b is connected to the electrode 

10 film 23a, while the other end thereof is led out onto the 
upper surface side or lower surface side of the substrate 
11 in order to be connected with an external power source. 
In the optical switch of this embodiment/ therefore, 
when the wiring line 23b is connected to the external power 

15 source so as to apply a voltage V between the electrode film 
23a of the movable plate 21 and the semiconductor substrate 
11 as shown in Fig. 6, the electrode film 23a and the 
semiconductor substrate 11 are drawn to each other by an 
electrostatic force, and the movable plate 21 is attracted 

20 onto the bottom surface of the recess 13 of the semiconductor 
substrate 11 as shown in Fig. 5. Besides, in a state where 
the voltage V is not applied, the movable plate 21 is held 
at the upper surface position of the substrate 11 by the 
elastic forces of the spring portions 27a, 27b, Thus, the 

25 movable plate 21 can have its position changed-over so as 
to be arranged at the upper surface position of the substrate 
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U (upper side position) or the bottom surface position of 
the recess 13 dower side position) es shown in H«. 6, 
depending upon whether or not the voltage V is applied between 
the electrode film 23a and the semiconductor substrate 11. 
5 in consequence, the mirror 12 mounted on the movable plate 
21 i, alao arranged at an upper side position or a lower 

side position* 

in case of using the optical switch in this embodiment, 
therefore, an optical path 130 is set at a position at which 
LO it intersects the reflection portion 101 of the mirror 12 
with the movable plate 21 located at the upper side position, 
as snown in fig. 3. Thus, in the case where the voltage V 
is not appliedbetween the electrode f ilm23b and the substrate 
U, the movable plate 21 lies at the upper side position, 
W and hence, the mirror 12 is inserted in the optical path 
130, so that light entered in the direction of an X-axis 
i5 reflected by the mirror 12 and is defected in the direction 
of a Y-axis . On the other hand, in the case where the voltage 
V is applied, the movable plate 21 is moved to the lower 
20 side position as shown in Fig. 5, >nd hence, the mirror 12 
comes out of the optical path 130, so that the entered light 
passes above the mirror 12 and propagates rectilinearly as 
it is . in this manner, the optical switch in this embodiment 
can change-over the propagating direction of the entered 

■ 4r 4.v, D ,roi t-artft V is applied between 
25 light, depending upon if the voltage v pp 

the electrode film 23a and the substrate 11. 
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Since the reflection portion 101 made of the Al film 
is vertically supported as the mirror 12 by the support portion 
102, the optical switch in this embodiment can use the film 
surface of the Al film as a reflective surface and has a 
5 high reflection factor . Besides, since the support portion 
102 can keep the reflection portion 101 vortical by 
controlling the temperature, the reflection direction of 
the entered light can be precisely determined. 

Now, a method of manufacturing the optical switch in 
10 this embodiment will be described with reference to Figs. 
7A and 7B, Figs. 8A - 8E and Fig. 9. 

As shown in Fig- 7A, a silicon substrate is prepared 
as a semiconductor substrate 11, and it is formed with a 
drive circuit, wiring lines, etc beforehand as may be needed. 
15 An Si0 2 film 32 is formed on the front surface of the substrate 
11. TheSi0 2 film 32 is provided with openings at parts where 
the substrate 11 and spring portions 27a, 27b are connected. 
An insulating film 22 which constitutes a movable plate 21 
and the spring portions 27a, 27b is formed on the Si0 2 film 
20 32, and it is overlaid with an Al film which forms an electrode 
film 23a and a wiring line 23b. Thereafter, the Al film is 
patterned into the shapes of the electrode film 23a and the 
wiring line 23b by photolithography. Further, an insulating 
film 26 is formed on the resulting film structure, and the 
25 insulating films 22, 26 are patterned into the shapes of 
the movable plate 21 and the spring portions 27a, 27b by 



36 



03-10-01 HIV.WVll'jateMmvtrJUte 



MORGAN LEWIS ; 0 4 53 1 63 7 0 1 



# 40/10 



photolithography. Subsequently, as shown in Fig. 7B, an 
etching hole 32a is formed in the Si0 2 film 32 . The etching 
hole 32a is used in order that, in forming a recess 13 in 
the substrate 11 by a later step, an etchant may be caused 
5 to reach the substrate 11. 

A mirror 12 is formed on Lhe movable plate 21 formed 
by the above steps. Steps for forming the mirror 12 will 
be described with reference to Figs. 8A - 8E. These figures 
show the upper surface part of the movable plate 21 on an 
10 enlarged scale. First, a resist layer 81 having a thickness 
of 1 . 5 um is formed on the movable plate 21 - The resist layer 
81 is photolithographically provided with an opening 81a 
at a position at which the leg portion 102c of a support 
portion 102 is formed (Fig. 8A) . Subsequently, a resist 
15 layer 82 having a thickness of 1.5 pais formed on the resist 
layer 81 again. The resist layer 82 is photolithographically 
removed so as to leave a part corresponding to the reflection 
portion 101 of the mirror 12, thereby to form the island 
of the resist layer 82 (Fig. 8B) . The resist layers 81, 82 
20 are layers (sacrificial layers) which are finally removed. 

An Al film having a thickness of 5000 angstroms is 
evaporated on the resist layers 81, 82, and it is patterned 
into the shape of the reflection portion 101 of the mirror 
12 by photolithography and etching (Fig. 8C) . Since the Al 
25 film of the reflection portion 101 is underlaid with the 
island of the resist layer 82, it is formed with a stepped 
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structure by the edge of the island, and the rira 101a of 
the reflection portion 101 is formed. Further, a silicon 
nitride film 102a and an Al film 102b are formed on the whole 
surface of the resulting structure by evaporation (Fig. 8D) , 
5 and they are patterned into the shape of the support portion 
102 by photolithography and etching (Fig. 8E> - Each of the 
silicon nitride film 102a and the Al film 102b has a thickness 
of 2000 angstroms. Those parts of the silicon nitride film 
102a and the Al film 102b of the support film 102 which are 
10 formed in the opening 81a, constitute the leg portion 102c 
Besides, a joint portion 102d at the distal end of the support 
portion 102 is stacked on the Al filmof the reflection portion 
101, thereby to be joined with the reflection portion 101. 
Subsequently, aKOH solutionbeing the etchant is poured 
15 into the substrate 11 through the etching hole 32a, whereby 
the substrate 11 etched to form the recess 13 (Fig. 9) . 
Thereafter, the remaining Si0 2 film 32 is removed. Thus, 
the movable plate 21 falls into a state where it is supported 
over the recess 13 by the spring portions 27a, 27b as shown 
20 in Fig. 3 and Fig. 4. Since, however, the mirror 12 does 
not rise up yet in this state, the resist layers 81, 82 being 
the sacrificial layers are removed by ashing. Thus, the 
mirror 12 comes to have a structure in which it is fixed 
to the movable plate 21 by only the leg portion 102c as shown 
25 in Fig. 1A, and the support portion 102 is bent up by stresses 
having developed during the formation of the silicon nitride 
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film 102a and the Al film 102b and a stress developing due 
to the difference between the coefficients of thermal 
expansion, thereby to support the reflection portion 101. 
Accordingly, when the temperature of the support 
5 portion 102 is regulated to a predetermined one by a 
temperature regulation element (not shown), the support 
portion 102 is bent to a position at which it supports the 
principal plane (reflective surface) of the reflection 
portion 101 perpendicularly to the principal plane of the 
10 movableplate21as S howninFig.lA. Thus, the optical switch 
in which the reflective surface of the mirror 12 is vertically 
supported over the movable plate 21 can be obtained. 

As thus far described, the mirror 12 in this embodiment 
is so constructed that the principal plane of the reflection 
15 portion 101 formed in parallel with the principal plane of 
the movable plate 21 at the manufactural stage is raised 
90 degrees by the bending of the support portion 102. 
Therefore, the reflective surface of the reflection portion 
101 is the upper surface or lower surface of the Al film 
20 constructing the reflection portion 101, during the 
formation thereof. Therefore, the reflective surface can 
be formed into a smooth surface, and a high reflection factor 
can be attained as the reflection factor of the reflection 
portion 101. Besides, the sense of the reflective surface 
25 of the reflection portion 101 can be made perpendicular to 
the principal plane of the movable plate 21 by the temperature 
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regulation. Therefore, the optical switch furnished with 
the mirror 12 in this embodiment can deflect the entered 
light in the desired direction with the high reflection 
factor. 

5 incidentally, although either of the upper surface side 

«ud lower surface aide of the Al film during the formation 
can be employed as the reflective surface of the reflection 
portion 101, a higher reflection factor can be attained in 
case of employing the lower surface side of the Al film during 
10 the formation (the surface on the side of the movable plate 
21) as the reflective surface as shown in Fig. 1A. The reason 
therefor is that the Al film constructing the reflection 
portion 101 is heated by a baking step and a drying step 
in the photolithography, etc. after the formation, so minute 
IS ruggedness sometimes appears in the front surface of the 
Al film. Moreover, the front surface of the Al film is 
sometimes roughened by a developing solution, the ashing 
step of the sacrificial layers, etc., depending upon 
conditions. Therefore, that lower surface side of the Al 
20 film which does not undergo such minute ruggedness and 
roughening is employed as the reflective surface, whereby 
the higher reflection factor can be attained- 

Besides, the first embodiment described above is so 
constructed that the temperature of the support portion 102 
25 of the mirror 12 is controlled using the temperature 
• regulation element such as Peltier element, so as to keep 
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the reflective surface of the reflection portion 101 
perpendicular or at the desired angle to the principal plane 
of the movable plate 21. Alternatively, the bent of the 
support portion 102 can be controlled by projecting light 
5 onto the mirror 12 for the temperature regulation, instead 
of the use of the temperature regulation element. In thin 
case, the temperature of the support portion 102 can be 
regulated in such a way that the light for the temperature 
regulation is projected onto the surface of the reflection 
10 portion 101 opposite to the surface thereof onto which the 
entered light to be switched by the optical switch falls, 
or that the light for the temperature regulation is directly 
projected onto the support portion 102. On this occasion, 
the angle of the reflective surface of the reflection portion 
15 101 relative to the principal plane of the movable plate- 
21 can be changed by controlling the intensity of- the light 
for the temperature regulation. In this way, therefore, the 
direction in which the light to be switched is reflected 
can also be changed. 
20 (Second Embodiment) 

Next, an optical switch in the second embodiment will 
be described with reference to Figs. 10A and 10B. 

The optical switch" in the second embodiment is such 
that a mirror 112 in Figs . 10A and 10B is mounted on a movable 
25 plate 21 instead of the mirror 12 of the optical switch in 
the first embodiment. Since the construction of the optical 
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switch except the mirror 112 is the same as in the first 
embodiment, it shall be omitted from description. 

Likewise to the mirror 12 in the first embodiment, the 
mirror 112 in the second embodiment is so constructed that 
5 a reflection portion 101 is supported by bent support portion 
102. AS Shown in Fiy. 10B, however, the reflection portion 

101 is shaped so as to be bilaterally stretched out in the 
direction of its principal plane, and it is supported by 
three. support portions 102. The film structure of the 

10 reflection portion 101, and that of each support portion 

102 are the same as in the first embodiment. 

Besides, two stop portions 91, 92 are respectively 
arranged between the adjacent ones of the three support 
portions 102 as holding portions which keep constant the 
15 angle of the reflection portion 101 relative to the movable 
plate 21. Each of the-stop portions 91, 92 has the same film 
structure as that of each support portion 102, and it is 
bent up similarly to the support portion 102. The film 
surfaces of the ' stop portions 91, 92 are directed 
20 perpendicularly to the reflection portion 101 . Therefore, 
the side surface 91a of the stop portion 91 and the side 
surface of the stop portion 92 (not shown in Fig. 10A) lie 
in touch with one surface of the reflection portion 101, 
and they push back the reflection portion 101 which is about 
25 to be turned to a position lOle indicated by a broken line 
in Fig. 10A, by the bending of the support portions 102. 
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As described in the first embodiment, the radius of 
curvature of the bent of the support portion 102 having the 
double-layer structure changes depending upon temperatures . 
With the mirror 12 in the first embodiment, therefore, the 
5 temperature regulation is required in order to keep a constant 
bent state. With the mirror 112 in the second embodiment, 
the length and film thicknesses of each support portion 102 
are determined beforehand so that the radius of curvature 
of the bent of the support portion 102 may become smaller 
10 than the radius of curvature for supporting the reflection 
portion 101 perpendicularly to the principal plane of the 
movable plate 21, at or near room temperatures, in other 
words, that the reflection portion 101 may incline at an 
angle of, at least, 90 degrees as shown at the position lOle 
15 of the broken line in Fig. 10A, and the reflection portion 
101 is pushed back to its perpendicular position by the side 
surface 91a of the stop portion 91 and the side surface of 
the stop portion 92 (not shown in Fig. 10A) - Thus, the 
reflection portion 101 can be kept vertical without employing 
20 any temperature regulation element. Incidentally, also the 
bent states of the stop portions 91, 92 change depending 
upon temperatures. Since, however, the positions of the side 
surfaces 91a, etc. lying in touch with the reflection portion 
101 do not change from the positions thereof at a manuf actural 
25 stage, the reflection portion 101 can be always kept vertical 
in spite of temperature changes. 
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The side surfaces 91a, etc. of the stop portions 91, 
92 can be precisely positioned to the reflection portion 
101 by a photolithographic step at the manufactural stage. 
Therefore, the mirror 112 in the second embodiment can support 
5 the principal plane of the reflection portion 101 
perpendicularly to LhaL Lhe movable Plate 21 at a high 
precision. 

incidentally, convex portions 91d, 92d which are formed 
by stepping the films are arranged at the distal end parts 
10 of the stop portions 91, 92 in order to enhance rigidity. 

Although the manufacturing process of the mirror 112 
in the second embodiment is substantially the same as that 
of the mirror 12 in the first embodiment, the Al film of 
the reflection portion 101 and the silicon nitride film 102a 
15 and Al film 102b of the support portions 102 are respectively 
patterned into shapes as shown in Fig. 11. Besides, in 
patterning the support portions 102, the same silicon nitride 
film 102a and Al film 102b are simultaneously patterned into 
the shapes of the stop portions 91, 92 shown in Fig. H- 
20 However, in a case where a resist film 82 being a sacrificial 
layer is processed into the shape of islands, the islands 
are left also at parts which are to form the convex portions 
91d, 92d of the stop portions 91, 92. Thus, at the same time 
that the support portions 102 are bent up by removing 
25 sacrificial-layer resist films 81, 82 by ashing, the stop 
portions 91, 92 are also bent up into the shapes shown in 
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Pros. 10* and 10B, thereby to obtain the structure in which 
the refleotion portion 101 is sported perpendicularly to 
the principal plane of the movable plate 21. 

The optical switch in which the mirror 112 in this 
embodiment is mounted, can precisely hold the reflection 
portion 101 of high reflection factor perpendicularly to 
the movable plate 21 and can precisely reflect light in a 
desired direction, without employing any temperature 

regulation device. 

incidentally, the optical switch in which the Mirror 
112 in this embodiment ismountedmaywell employ a temperature 
regulation device similarly to the optical switch in the 
first embodiment . In the case of employing the temperature 
regulation device, the stop portions are not deformed by 
15 temperature changes, and hence, there is brought forth the 
advantage that the scratches of the reflection portion 101 
attributed to the deformations of the atop portions are not 

apprehended. 

(Third Embodiment) 
20 Next, an optica! switch in the third embodiment will 

be described with reference to Fig. 12. 

The optical switch in the third embodiment is such that 
a w irror 113 in Fig. 12 is mounted on a movable plate 21 
instead of the mirror 12 of the optical switch in the first 
25 embodiment. Since the construction of the optical switch 
except the mirror U3 is the same as in the first embodiment , 



45 



03-1 0-01 : 07: 55PM;«/a')a i )t'fiWM'*a5Mi 



MORGAN LEWIS 



; 04531 6370 1 



# 49/103 



it shall be omitted from description. 

Although the mirror 113 in the third embodiment is 
structurally similar to the mirror 112 in the second 
e^odiment, it differs from the mirror 112 in the point that 
stop portions 93, 94 are further arranged at positions at 
which they confront respective stop portions 91, *2 with 
a reflection portion 101 held therebetween (the stop portion 
94 is not shown in Fig- 12) . The shapes of the reflection 
portion 101 and the stop portions 91, 92, 93, 94 before the 
, removal of resist layers 81, 82 being sacrificial layers 
are shown in Fig. 13- Likewise to the stop portions 91, 92, 

no qa after the removal of the resist 
the stop portions 93, 94 after me 

ia rrificial layers are such that 
layers 81, 82 being the sacnEiciax i«*y«' 

the side surface 93a of the stop portion 93 on the side of 
5 the reflection portion 101 and the side surface of the stop 
portion 94 on the side of the reflection portion 101 lie 
in touch with the reflection portion 101, respectively, so 
as to support this reflection portion 101 . Accordingly, the 
reflection portion 101 is supported on both its sides by 
,0 the stop portions 91, 92, 93, 94. Therefore, even in a case 
where a force has been externally exerted in the direction 
of throwing down the reflection portion 101 for any cause, 
the stop portions 91, 92, 93, 94 support the ref lectionportion 
!01, and this reflection portion 101 can be held 
25 perpendicularly to the movable plate 21. It is therefore 
possible to provide the -irror 113 whose strength is high 
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against the external force. 

Steps for manufacturing the mirror 113 in the third 
embodiment will be described with reference to Fig. 13 and 
Figs. 14A - 14E. Although the manufacturing process of the 
mirror 113 is substantially the same as that of the mirrors 
12, 112 in the first and second embodiments, they differ 
in the point that the reflection portion 101 is formed after 
the patterning of the support portions 102 and the stop 
portions 91, 92, 93, 94. 

First, a resist layer 81 is formed on a movable plate 
21, and openings 81a are photolithographically formed at 
positions at which the leg portions 102c of support portions 
102, and the leg portions 91c, 92c, 93c, 94c of stop portions 
91, 92, 93, 94 are to be formed (Fig. 14A) . Subsequently, 
resist islands (not shown) are formed at those positions 
of the distal ends of the stop portions 91, 92, 93, 94 at 
which convex portions 91d, 92d, 93d, 94d are to be formed. 
A silicon nitride film 102a and an Al film. 102b are 
successively formed on the whole surface of the resultant 
structure, and they are patterned into the shapes of the 
support portions 102 and the stop portions 91, 92, 93, 94 
shown in Fig. 13, by photolithography and etching (Fig. 14B) . 
Subsequently, aresist layer 141 is formedon the whole surface 
of the resultant structure, and openings 141a are formed 
at positions at which the films 102a and 102b are to become 
the joint portions I02d of the support portions 102 (Fig. 
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14C) . A resist layer 82 is further formed on the resultant 
structure, and it is removed so as to leave the inside shape 
part of the rim 101a of the reflection portion 101, thereby 
to form a resist island. Openings 82a are formed at those 
5 positions of the resist layer 82 at which the films 102a 
and 102b are to become the joint portions I02d of the support 
portions 102 (Fig- 14DJ . An Al film 101 is formed on the 
whole surface of the resultant structure, and it is patterned 
into the shape of the reflection portion 101 by 
10 photolithograhy and etching {Fig- l4DandFig. 13). Lastly, 
the resist layers 81, 141, 82 being sacrificial layers are 
removed by ashing. Thus, the support portions 102 and the 
stop portions 91, 92, 93, 94 rise up, and the mirror 113 
in Fig. 12 can be manufactured. 
15 (Fourth Embodiment) 

Next, an optical switch in the fourth embodiment will 
be described with reference to Fig. ISA. 

The optical switch in the fourth embodiment is such 
that a mirror 116 in Fig. ISA is mounted on a movable plate 
20 21 instead of the mirror 12 of the optical switch in the 
first embodiment. Since the construction of the optical 
switch except the mirror 116 is the same as in the first 
embodiment, it shall be omitted from description. 

The mirror 116 in the fourth embodiment is so 
25 constructed that two mirrors 114, 115 are placed one over 
the other and are raised up. The two mirrors 114, US are 
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so constructed that reflection portions 101 are respectively 
supported by two support portions 102. As shown in Fig. 15B, 
however, in case of patterning at a manufactural stage, the 
mirror 114 forms the stepped structure of a rim 101a so that 
5 the reflective surface of the reflection portion 101 may 
become a concave surface, whereas the mirror 115 forms the 
stepped structure of a rim 101a so that the reflective surface 
of the reflection portion 101 may become a convex surface. 
Besides, each of the support portions 102 of the mirrors 
10 114, 115 has its film thicknesses and length designed so 
as to bend into a state where the reflection portion 101 
is inclined and supported at an angle of, at least, 90 degrees 
at room temperatures. Accordingly, when resist layers 81, 
etc. being sacrificial layers are removed, both the two 
15 mirrors 114, 115 are about to incline to the angles of, at 
least, 90 degrees owing to the bending of the support portions 
102. Therefore, the mirrors 114, 115 collide against each 
other at their positions at which they have reached angles 
of 90 degrees, and inclining forces are balanced, thereby 
20 to establish an equilibrium in a state where the two reflection 
portions 101 are perpendicular to the movable plate 21 . On 
this occasion, the concave and convex shapes of the reflection 
portions 101 of the mirrors 114, 115 mesh with each other, 
so that the mirrors 114, 115 come into close contact and 
25 become difficult to slip out. 

in this manner, the mirror 116 in the fourth embodiment 
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can provide the mirror 116 in which the principal planes 
of the reflection portions 101 are held perpendicularly to 
the movable plate 2 1 by the balance between the bending forces 
of the support portions 102. 
5 incidentally, the mirror 116 in the fourth embodiment 

is such that the mirrors 114, 115 have the reflection portions 
101 in the concave and convex shapes adapted to mesh with 
each other, but such a configuration is not restrictive. 
It is also possible to employ, for example, a configuration 
10 in which only one of the mirrors includes the reflection 
portion 101 in the convex shape, while the reflection portion 
101 of the other mirror has only the rim 101a and is centrally 
open. Moreover, the reflection portions 101 of the mirrors 
114, 115 need not be in the shapes meshing with each other, 
15 but both the reflection portions 101 can be made flat. 
(Fifth Embodiment) 

Next, an optical switch in the fifth embodiment will 
be described with reference to Fig- 16. 

The optical switch in the fifth embodiment is such that 
20 a mirror 117 in Fig. 16 is mounted on a movable plate 21 
instead of the mirror 12 of the optical switch in the first 
embodiment. Since the construction of the optical switch 
except the mirror 117 is the same as in the first embodiment, 
it shall be omitted from description. 
25 The mirror 117 in the fifth embodiment is in such a 

configuration that a reflection portion 101 is hung down 
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(toward the movable plate 21) from two support portions 102. 
With this structure, the height of the reflection portion 
102 from the movable plate 21 is low, to bring forth the 
advantage that the reflection portion 102 is difficult to 
5 vibrate even in a case where the movable plate 21 has moved. 
Although the manufacturing process of the miuui 117 i* 
similar to that of the mirror 12 in the first embodiment, 
the reflection portion 101 and the support portions 102 are 
patterned into shapes as shown in Fig. 17 in the manufacture. 
10 incidentally, the optical switch in this embodiment 

should preferably employ a temperature regulation device 
likewise to the optical switch in the first embodiment. 
(Sixth Embodiment) 

Next, an optical switch in the sixth embodiment will 
15 be described with reference to Figs. ISA and 18B- 

The optical switch in the sixth embodiment is such that 
a mirror 118 in Figs. ISA and 18B is mounted on a movable 
plate 21 instead of the mirror 12 of the optical switch in 
the first embodiment . Since the construction of the optical 
20 switch except the mirror 118 is the same as in the first 
embodiment, it shall be omitted from description. 

As shown in Figs. 18A and 18B, the mirror 118 in the 
sixth embodiment is so constructed that support portions 
103 are further joined to two support portions 102 through 
25 respective joint portions 104, and that the two support 
portions 103 support a reflection-portion support portion 
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105. A reflection portion 101 is mounted on the 
reflection-portion support portion 105. Therefore, the 
reflection portion 101 has astructure in which it is supported 
on its lower side by the ref lection-portion support portion 
5 105. Likewise to the support portions 102, the support 
portions 103 have a structure in which an Al film 103a and 

a silicon nitride film 103b are stacked. In the support 
portions 103, however, theAl f ilml03 a and the siliconnitride 

film 103b are stacked in an order reverse to the stacking 
10 order of these films in the support portions 102 so that 

the bending of the support portions 103 may become upwardly 

convex reversely to the bending direction of the support 

portions 102. 

Although the construction of the mirror 118 resembles 
15 that of the mirror 117 (Fig. 16) in the fifth embodiment, 
it differs in the point that the reflection portion 101 is 
supported from below, and the point that the reflection 
portion 101 is arranged at a position near the leg portions 
102c of the support portions 102 . For this reason, the mirror 
20 118 has the feature that the reflection portion 101 is 
difficult to vibrate . Incidentally, the reflection portion 
101 of the mirror 118 has the tendency that its surface having 
confronted the side of the movable plate 21 at a manuf actural 
stage exhibits a higher mirror f inishability, accordingly 
25 a higher reflection factor. Consequently, the surface of 
the reflection portion 101 having confronted the side of 
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the movable pl.t. 21 at the manufacture! stage should 
preferably be employed as a light reflection surface. 
Therefore, the mirror lli should deairably be mounted on 
the movable plate 21 so as to enter light in a direction 

5 indicated in Fig* 18A. 

The manufacturing process of the mirror 118 in this 
embodiment will be described with reference to Figs. 20A 
- 2 OC and rigs. 21* - 21C. support portions 102. 103, Joint 
portions 104, a reflection-portion support portion 105, and 

10 a reflection portion 101 are patterned into an arrangement 

. t 1Q Ficrs 20A - 20C and Figs, 
and shapes as shown in rig. 19- Figs. 

21A - 21C show the manufacturing process seen along a section 
H-HinFig. ». By the way, in this embodiment, the silicon 
nitride films 102a of the individual support portions 102, 
IS the silicon nitride films 103b of the individual support 
portion, 103, the Joint portions 104, and the 
reflection-portion aupport portion 105 are simultaneously 
formed by patterning a single-layer silicon nitride film. 
Firat, a resist layer 81 is formed on a movable plate 
20 21, and openings 81a are photolithographically formed at 
positions at which the leg portions 102c of support portions 
102 are to be formed (Fig. 20M • Subsequently, resist 
is lands201areformedatpoaitionsatwbichthe j ointportion S 

104 and the reflection-portion aupport portion 105 are to 
2 S be formed (Fig. 20B, . subsequently, the Al film 103a of the 
support portions 103 is formed, and it i, patterned into 
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the shapes of the support portions 103 in Fig. 19 by 
photolithography and etching (Fig. 20C) . Subsequently, the 
silicon nitride film and an Al film 102b are successively 
formed (Fig. 21AJ . After the formed Al film 102b is patterned 

5 into the shapes of the support portions 102 in Fig. 19, the 
silicon nitride film is patterned into the shapes of the 
support portions 102, joint portions 104, support portions 
103 and reflection-portion support portion 105 (Fig. 21B) . 
Thus, the siliconnitride films 103bof the individual support 

10 portions 103, the joint portions 104 and the 
reflection-portion support portion 105 are formed at one 

time . 

A resist layer 141 is formed on the whole surface of 
the resultant structure, and openings are formed at positions 
15 at which the silicon nitride film and the Al film are to 
become the joint portions 105b of the reflection-portion 
support portion 105. A resist layer 82 is further formed 
on the resultant structure, and it is removed so as to leave 
the inside shape part of the rim 101a of the ref lectionportion 
20 101, thereby to form a resist island. After openings are 
formed at those positions of the resist layer 82 at which 
the silicon nitride film and the Al film are to become the 
joint portions 105b of the reflection-portion support 
portion 105, an Al film 101 is formed on the whole surface 
25 of the resultant structure, and it is patterned into the 
shape of the reflection portion 101 (Fig. 21C) . Lastly, the 
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resist layers 81, 141, 82beingsacrif icial layers are removed 
by ashing. Thus, the support portions 102 and the support 
portions 103 bend up, and the mirror 118 in Figs. ISA and 
18B can be manufactured. 
5 (Seventh Embodiment) 

Next, an optical switching device l which employs 
optical switches in any of the first - sixth embodiments 
described above will be described as the seventh embodiment 
with reference to Fig. 22. 
LO The optical switching device 1 in Fig. 22 is so 

constructed that the optical switches in the first embodiment 
are longitudinally and latitudinally arrayed on the 
substrate 11, and that the Peltier element is arranged as 
a temperature adjustment device 222 under the substrate 11. 
15 Optical fibers 2 from which light beams to be switched emerge 
are juxtaposed along one latus of the substrate 11, and they 
are so located that the mirrors 12 of the optical switches 
lie on the optical paths of the emergent light beams, 
respectively. Further, optical fibers 4 are juxtaposed at 
20 positions at which light beams reflected by the mirrors 12 
are entered into these optical fibers 4, along another latus 
of the substrate 11. In addition, at positions which are 
opposite to the optical fibers 2 with the substrate 11 held 
therebetween, optical fibers 3 are arranged so that the light 
25 beams emergent from the optical fibers 2 may be entered into 
these optical fibers 3 when they have passed over the mirrors 
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12. 

Besides, the optical switching device 1 in this 
embodiment includes a control circuit 6 which controls 
voltages that are applied between the electrodes 23a of the 
5 individual optical switches and the substrate 11. 

With the optical switching device 1 in this embodiment, 
therefore, in a case where the control circuit 6 applies 
the voltage V between the electrode 23a of the optical switch 
and the substrate 11, the movable plate 21 lies at the bottom 
10 of the recess 13 as shown in Fig. 6, and hence, the mirror 
12 is drawn into the recess 13. Therefore, the light beam 
emergent from the optical fiber 2 passes over the mirror 
12, and it is entered into the optical fiber 3 so as topropagate 
through this optical fiber 3. On the other hand, in a case 
15 where the control circuit 6 does not apply the voltage V 
between the electrode 23a of the optical switch and the 
substrate 11, the movable plate 21 lies at the upper surface 
position of the substrate 11, and hence, the mirror 12 
protrudes over the substrate 11 so as to be inserted into 
20 the optical path. Therefore, the light beam emergent from 
the optical fiber 2 is reflected by the mirror 12, and it 
is entered into the optical fiber 4 so as to propagate through 
this optical fiber 4. 

Accordingly, the light beams emergent from the three 
25 optical fibers 2 can be switched independently of one another 
and entered into the optical fibers 4 or optical fibers 3 
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in such a way that the control circuit 6 controls the 
application of the voltage V for the individual optical 
switches constituting the optical switching device 1. 

Besides, although Fig. 22 illustrates the example in 
5 which the optical switching device 1 is constructed of the 
optical switches each employing the mirror 12 in the first 
embodiment, an optical switching device 1 can be similarly 
constructed of the optical switches in any of the second 
- sixth embodiments. By the way, in case of employing the 
10 optical switches in any of the second - fourth and sixth 
embodiments, it is possible to adopt a construction which 
does not include the temperature regulation device 222. 

Since the optical switching device 1 in Fig. 22 employs 
the optical switches in any of the first - sixth embodiments, 
15 the reflection factor of the reflection portion 101 of each 
mirror 12 is high, and the reflective surface thereof can 
be kept perpendicular to the principal plane of the substrate 
11 at a high precision. Thus, the optical switching device 
1 can reflect the light beam at the high reflection factor 
and precisely enter the light beam into the end faces of 
the optical fiber 3 or optical fiber 4, so that an optical 
loss is little. 

(Eighth Embodiment) 

Next, there will be described an optical switch having 
25 another construction which employs the mirror in any of the 
first - sixth embodiments described above. 
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As shown in Fig. 23, the optical switch in this 
embodiment is so constructed that a movable plate 231 is 
arranged on a substrate 230, and that the mirror in any of 
the first - sixth embodiments is mounted on the movable plate 
5 231 . Illustrated here is an example in which the mirror 112 
in the second embodiment is mounted. Likewise to each of 
the support portions 102 in the first - sixth embodiments, 
the movable plate 231 is constructed of a double-layer film 
which consists of a silicon nitride film and an Al film. 
XO The movable plate 231 is connected to the substrate 230 by 
leg portions 231a provided at the one-end parts thereof. 
Besides, although not shown, an electrode is formed inside 
the substrate 230, and its surface is covered with an 
insulating film. Therefore, when a voltage is applied 
15 between the Al film of the movable plate 231 and the electrode 
inside the substrate 230, the movable plate 231 is attracted 
to the substrate 230 by an electrostatic force, thereby to 
come into close contact with the substrate 230 as shown in 
Fig- 2SA. On the other hand, in a state where the voltage 
20 is not applied between the Al film of the movable plate 231 
and the electrode inside the substrate 230, the movable plate 
231 is bent as shown in Fig. 25B by the stresses of the silicon 
nitride film and the Al film. 

Besides, as shown in Fig. 24, the optical switch in 
25 this embodiment includes an optical waveguide substrate 240 
which is provided with four optical waveguides 241, 242, 
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243, 244 that propagate light to-be-switched. The optical 
waveguide substrate 240 is centrally provided with a groove 
246 whose width is on the order of several tens m , and the 
end faces 241a, 242a, 243b, 244b of the respective optical 
5 waveguides 241, 242, 243, 244 are exposed to the side surf aces 
of the groove 246. The interval between the end f*ces 241, 
and 242a, and the interval between the end faces 243b and 
244b are designed to be intervals which can be covered by 
the reflection portion 101 of the mirror 112 as shown in 

10 Figs. 25A and 25B. 

As shown in Figs. 25A and 25B, the optical waveguide 
substrate 240 is mounted on the substrate 230 for the movable 
plate 231 through a spacer 251, whereby the optical switch 
is finished up. On this occasion, the optical waveguide 

15 substrate 240 is positioned to the substrate 230 so that 
the reflection portion 101 of the mirror 112 may be inserted 

into the groove 246. 

Thus, in the state where the voltage is applied between 
the Al film of the movable plate 231 and the electrode inside 

20 the substrate 230, the movable plate 231 is electrostatically 
attracted to the substrate 230 as shown in Fig. 25A, and 
the reflection plate 101 of the mirror 112 lies below the 
end faces 243b, 244b of the respective optical waveguides 
243, 244. Accordingly, in a case, for example, where light 

25 is entered from the end face 243a of the optical waveguide 
243, the light having propagated through this optical 
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waveguide 243 is emitted from the end face 243b, the emitted 

Ught is directly entered into the end face 242a of the 

opposing optical waveguide 242, and the entered light 

propagates through this optical waveguide 242 so as to he 

S emitted from the end face 242b thereof. Besides, in a case, 

for example, where light is entered from the end face 241b 

of the optical waveguide 241, the light having propagated 

through this optical waveguide 241 is emitted from the end 

face 241.. the emitted light is directly entered into the 

10 end face 244b of the opposing optical waveguide 244, and 

the entered light propagates through this optical waveguide 

244 so as to be emitted from the end face 244a thereof. 

On the other hand, in the state where the voltage is 

, • , v. •,,«^r, the Al film of the movable plate 231 
not applied between tne aj. j-j-j- 

• j ^ n ^K«:trate 230/ the movable plat e 
15 and the electrode inside the substrate "u, ti 

231 is bent as shown in Fig. 2S B by the stresses of the silicon 
nitride film and the Al film,- and the reflection plate 101 
of the mirror 112 lies so as to conceal the end faces 243b, 
244b of the respective optical waveguides 243, 244. 
20 Accordingly, in the case, for example, where light is entered 
from the end face 243a of the optical waveguide 243, the 
light having propagated through this optical waveguide 243 
i. emitted from the end face 243b, the emitted light is 
reflected by the reflection portion 101 of the mirror 112 
25 so as to be entered into the end face 244b of the optical 
waveguide 244, and the entered light propagates through this 
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optical waveguide 244 so as to be emitted from the end face 
244a- Besides, in the case, for example, where light is 
entered from the end face 241b of the optical waveguide 241, 
the light having propagated through this optical waveguide 

5 241 is emitted from the end face 241a, the emitted light 
ia reflected by the reflection portion 101 of the mirror 
112 so as to be entered into the end face 242a of the optical 
waveguide 242, and the entered light propagates through this 
optical waveguide 242 so as to be emitted from the end face 

10 242b. 

Besides, when the movable plate 231 lies on the upper 
side as shown in Fig. 25B, the stop portions 91, 92 of the 
mirror 112 protrude on this side. Therefore, the upper end 
92a of the stop portion 92 touches the lower surface 240a 
15 of the optical waveguide substrate 240, and it functions 
as a stopper which prevents the reflection portion 101 of 
the mirror 112 from coming into the groove 246 in excess 
of its position indicated in Fig. 25B. Thus, the upper end 
of the reflection portion 101 of the mirror 112 is prevented 
20 from colliding against the upper surface 246a of the groove 
246, so that the reflection portion 101 is not apprehended 
to be deformed. Accordingly, the reflective surface of the 
reflection portion 101 can be kept perpendicular to the 
principal planes of the substrates 230, 240, and the light 
25 can be reflected in a desired direction at a high precision. 

incidentally, as the construction of the optical switch 
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in this embodiment, the mirror 112 can be replaced with the 
mirror 12 in the first embodiment or with any of the mirrors 
113, 116, 117, 118 in the third -sixth embodiments. 

As thus far described, each of the optical switches 
5 in the first - eighth embodiments is so constructed that, 
as the reflection portion 101 of the mirror, the thin film 
is vertically raised by the support portion (s) 102. 
Therefore, the principal plane of the thin f ilmcanbe employed 
as the reflective surface of the reflection portion 101. 
10 Accordingly, the reflective surface can be smoothly formed 
with ease, so that a high reflection factor can be attained. 
Besides, since the support portion 102 has the structure 
in which the two thin films are stacked, both the reflection 
portion 101 and the support portion 102 can be manufactured 
15 by a thin-film manufacturing process, to bring forth the 
advantage that the manufacture is easy. Moreover, in each 
of the embodiments, the resist films of photosensitive resin 
are employed as the sacrificial layers for causing the support 
portion 102 and the reflection portion 101 to rise up. As 
20 compared with a case of employing an inorganic oxide film 
or nitride film, therefore, each embodiment can remove the 
sacrificial layers more easily by the ashing step without 
using any special equipment. Accordingly, the mirror can 
be manufactured more easily. 
2 5 Besides, in each of the foregoing embodiments, the 

movable plate 21 or 231 on which the mirror is mounted is 
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driven by the electrostatic force- However, the method of 
driving the movable plate 21 or 231 is not restricted to 
the electrostatic force, but it can be incarnated by another 
technique. By way of example, a Lorentz force can be 
5 utilized. 

Besides, although the reflection portion 101 io formed 
of the Al film in each of the foregoing embodiments, it is 
of course possible to employ another material such as Au 
(gold). Further, the film construction of the support 
10 portion 102 is not restricted to the construction consisting 
of the Al film and the silicon nitride film in each embodiment, 
but films of other materials or a film construction consisting 
of three or more layers can be adopted as long as a necessary 
bent state is realized. 
!5 (Ninth Embodiment) 

An optical switch in the ninth embodiment will be 
described with reference to Fig. 26, Figs. 36Aand36B, Fig. 
37 - Fig- 39, and Figs. 40A and 40B. 

As shown in Figs. 40A and 4 OB, the optical switch in 
20 this embodiment is an optical switch similar to the eighth 
embodiment in which the mirror 118 in the sixth embodiment 
as shown in Figs. 18A and IBB is mounted on the movable plate 
231, but it differs from the eighth embodiment in the following 
three points: First, the movable plate 231 is constructed 
25 so as to be driven using an electrostatic force and a Lorentz 
force. Secondly, as shown in Fig. 39, the movable plate 231 
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is provided with a convex portion 364 which surrounds a part 
where the mirror 118 is mounted. Owing to the provision of 
such a convex portion 364, the bending of the part of the 
movable plate 231 where themirror 118 is mounted is suppressed 
5 so as to keep this part flat. Thirdly, the optical switch 
in this embodiment 1* so constructed that, .3 shown in Fig- 
26, two thin-film multilevel structures 5 are mounted as 
holding portions on the movable plate 231, thereby to hold 
the sense of the reflection portion 101 of the mirror 118 

10 constant. 

First, the construction of the movable plate 231 will 
be described. In the eighth embodiment described above, the 
m ovable plate 231 has the double-layer structure consisting 
of the silicon nitride film and the Al film, whereas in this 
15 embodiment, the movable plate 231 is made of a triple-layer 
film in which a silicon nitride film 361, an Al film 362 
and a silicon nitride film 363 are successively stacked as 
shown in Fig- 36B. The movable plate 231 is formed under 
predetermined film thicknesses and film formation conditions 

20 so as to be bent upwards relative to the substrate 230 at 
room temperatures by an internal stress which develops due 
to the difference between the coefficients of thermal 
expansion of the silicon nitride films 361, 363 and the Al 
film 362, and internal stresses which have developed during 

25 film formation- 

As shown in Fig. 39, the movable plate 231 includes 
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a rectangular mirror mount plate 231b for mounting the mirror 
118, and two beltlike support plates 231c connected to the 
end part of the mirror mount plate 231b . Each of the support 
plates 231c has a leg portion 231a and a leg portion 231d 
5 at its end part. Both the leg portions 231a and 231d are 
fixed to the substrate 230. With the movable plate 231, 
accordingly, the side of the mirror mount plate 231b rises 
up as shown in Fig. 40B, in the same manner as in the optical 
switch in the eighth embodiment, with the leg portions 231a, 
10 231dused as fixed ends, whereby the mirror 118 canbe inserted 
into the groove 246 of an optical waveguide substrate 240. 

In this embodiment, as shown in Fig. 36A, the convex 
portion 364 is provided so as to surround that part of the 
movable plate 231 on which the mirror 118 is mounted. As 
15 shown in Fig. 36B, the convex portion 364 is formed by 
convexing the triple-layer film which constructs the movable 
plate 231. This convex portion 3 64 is also extended on the 
partial regions of the support plates 231c of the movable 
plate 231. Since a stepped structure is formed at the edge 
20 of the movable plate 231 by providing the convex portion 
364 in this manner, bending based on internal stresses is 
suppressed in the region of the movable plate 231 surrounded 
with the convex portion 3 64 and the regions thereof provided 
with this convex portion 364, and the regions can be kept 
25 flat. Therefore, even when the movable plate 231 is in a 
state where the mirror 118 is raised to its upper position 
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by the bending based on the internal stresses as shown in 
Fig. 4GB/ the part on which the mirror 118 is mounted is 
flat, and the shape of the mounted mirror 118 can be held 
constant. Thus, the sense of the reflection portion 101 of 
5 the mirror 118 can be kept constant at a high precision. 

Besides, as shown in Fig. 36A, parts 364a, 364b of the 
convex portion 364 extend toward the central part of the 
mirror mount plate 231b of the movable plate 231 . Thus, even 
in a case where the area of the central part of the mirror 

10 mount plate 231b surrounded with the convex portion 364 is 
large, the region of the central part can be kept flat- 
Besides, each part 364b of the convex portion 364 serves 
also as the first stage of the vertical structure 5 to be 
described later. 

15 In this manner, the bending of the movable plate 231 

is suppressed in the regions provided with the convex portion 
364, but the regions of the support plates 231c near the 
leg portions 231d are not provided with the convex portion 
364. Thus, owing to the bending of those regions of the 

20 support plates 231c which are not provided with the convex 
portion 364, the movable plate 231 can raise the side of 
the mirror mount plate 231b as shown in Fig. 40B with the 
leg portions 231a, 231d used as the fixed ends, so as to 
insert the mirror 118 into the groove 246 of the optical 

25 waveguide substrate 240. In this manner, only the parts to 
be kept flat, such as the mirror mount plate 231b, are provided 
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with the convex portion 364, thereby to make the movable 
plate 231 movable by utilizing the bending, and yet, the 
necessary parts can be made flat. 

Next, the shape of the Al film 362 of the movable plate 
5 231 will be described with reference to Fig. 37. In this 
embodiment, the Al film 362 is patterned into the shape as 
shown in Fig. 37. Herein, Fig. 37 shows the shape of the 
Al film 362 in the case where the movable plate 231 is seen 
from above, and the part of the Al film 3 62 is hatched for 
10 better understanding. 

A pattern 362a in the Al film 362 is a pattern which 
extends along the outer peripheral edge of the movable plate 
231 from one of the two leg portions 231d and reaches the 
distal end of the movable plate 231, and which thereafter 
15 extends along the opposite edge of the movable plate 231 
and arrives at the other leg portion 231d. In driving the 
movable plate 231 by the Lorentz force, the pattern 362a 
is employed as a wiring line through which a current for 
generating the Lorentz force flows. This pattern 362a is 
20 connected at the leg portions 231d with wiring lines laid 
in the substrate 230, and it is fed with the current from 
the substrate 230 through the leg portions 231d. The current 
which flows through the straight part of the pattern 362a 
extending along one latua 23le at the distal end of the movable 
25 plate 231 is used for generating the Lorentz force. Besides, 
although not shown, magnetic field generation means such 
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as a permanent magnet or an electromagnet is attached to 
the optical switch in this embodiment . The direction of the 
magnetic field of the magnetic field generation means is 
a direction which is orthogonal to the latus 231e at the 
5 distal end of the movable plate 231 and which is parallel 
to the principal plane of the substrate 230, and the sense 
of the magnetic field is set so as to generate the Lorentz 
force in the sense of bringing the movable plate 231 near 
to the substrate 230 (downward Lorentz force) , in relation 
10 to the sense of the current which is fed to the pattern 362a. 

Besides, a pattern 362b in the Al film 362 extends from 
both the two leg portions 231a to the distal end part of 
the movable plate 231 along the inner edge of the movable 
plate 231, and it is connected to a rectangular pattern 362d 
15 arranged at the distal end part. The pattern 362b is 
connected at the leg portions 231a with wiring lines laid 
in the substrate 230, and a voltage is applied between it 
and an electrode disposed in the substrate 230. Thus, an 
electromagnetic force is generatedbetween the patterns 362b 
. 20 and 362d and the electrode disposed in the substrate 230, 
and the movable plate 231 is attracted to the substrate 230 
by the electrostatic force. 

In this embodiment, in the case of driving the movable 
plate 231, the current for the Lorentz force in a waveform 
25 as shown in Fig. 38 is fed to the pattern 362a of the Al 
film 362 through the leg portions 23ld, and the voltage for 
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the electrostatic force in a waveform as shown in Fig. 38 
is fed to the patterns 362b, 362d of the Al film 362 through 
the leg portions 231a. Concretely, in a case where the 
movable plate 231 is to be brought down from its upper side 
5 position (state of Fig. 40B) to its lower side position (state 
of Fig. 40A), the current for the Lorent* force is first 
fed from a time Tl. Thus, the movable plate 231 receives 
a downward force owing to the Lorentz force which is generated 
by the current flowing through the pattern 362a at the distal 
10 end and the magnetic field of the magnetic field generation 
means, and it gradually approaches onto the side of the 
substrate 230 until it comes into touch with the substrate 
230 (state of Fig- 40A) at a time T2. At a time T3 at which 
the movable plate 231 lies in touch with the substrate 230 
15 in this manner, the voltage for the electrostatic force is 
fed to the patterns 362b, 362d of the Al film 362 this time- 
Thus , the movable plate 231 is held in touch with the substrate 
230 (state of Fig- 40A) by the electrostatic force between 
the patterns 362b, 362d and the electrode in the substrate 
20 230 . When the state where the electrostatic force acts has 
been established, the current for the Lorentz force is 
unnecessary, and hence, the current for the Lorentz force 
is turned OFF at a time T4. Meanwhile, in a case where the 
movable plate 231 is to be changed to its upper position 
25 again, the voltage for the electrostatic force is turned 
OFF at a time T5. Thus, the movable plate 231 is instantly 
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raised by the internal stresses of the films, thereby to 
change into the state of Fig. 40B. 

in this manner, when the Lorentz force and the 
electrostatic force are combined, the former can be utilized 

5 until the movable plate 231 at the upper side position is 
attracted so as U> 11. iu touch with the substrate 230, and 
the latter can be used for keeping the attracted state . Thus, 
this embodiment can lower dissipation power as compared with 
the case of attracting the movable plate 231 to the substrate 

10 230 by only the electrostatic force, and it can provide the 
optical switch which can be driven with the lower dissipation 
power - 

Besides, in a state where themovable plate 231 is being 
driven by the Lorentz force, the position of the movable 
15 plate 231 can be stopped at a desired height by regulating 
the current for the Lorentz force. In the construction of 
this embodiment, the reflection portion 101 of the mirror 
118 can be stopped midway of an optical path by utilizing 
such an aspect. By way of example, the movable plate 231 
20 can be stopped at a height at which the desired light quantity 
of a light beam, such as half or 1/3, is intercepted. Thus, 
the optical switch in this embodiment can be employed as 
a light quantity attenuator which passes only the desired 
light quantity. In this case, a film of low light reflection 
25 factor can be mounted as a light shield portion instead of 
the reflection portion 101 of the mirror 118. 
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Further, as described before, the movable plate 231 
is kept flat by forming the convex portion 364 so as to surround 
the part on which the mirror 118 is mounted. Therefore, that 
part of the movable plate 231 on which the reflection portion 
5 101 of the mirror 118 is mounted becomes a height at which 
it lies in touch with the substrate 230, in the atate of 
Fig . 40A where the movable plate 231 is brought down. 
Accordingly, the mounted reflection portion 101 of themirror 
118 can be supported at the low position which is as near 
10 to the substrate 230 as possible. Thus, even when the 
interval between the optical waveguide substrate 240 and 
the substrate 230 is narrow, the reflection portion 101 can 
b e taken out of the groove 246 of the optical waveguide 
substrate 240, so that a thin-type optical switch of large 
15 extinction ratio can be obtained. 

Still further, in this embodiment, as shown in Fig- 
26, the two thin-film multilevel structures 5 are mounted 
as the holding portions of the mirror 118 on the movable 
plate 231. The thin-film multilevel structures 5 are 
20 arranged at positions at which both the side parts of the 
reflection-portion support portion 105 of the mirror 118 
are pushed and supported in an x-direction in Fig. 26. Thus, 
the x-directional position of the reflection-portion support 
portion 105 supported by the bending of support portions 
25 102, 103 can be held constant. Therefore, even when the bent 
states of the support portions 102, 103 have changed due 
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to a temperature change, the position and sense of the 
reflection portion 101 can be kept constant. 

The construction of each thin-film multilevel 
structure 5 will be described with reference to Figs. 27A, 
5 27B and 27C. The thin-film multilevel structure 5 is such 
that unit structural members 511 - 514 of four stages are 
stacked. The unit structural member 511 of the first stage 
serves also as the part 364b of the convex portion 364 of 
the movable plate 231, and it is constructed integrally with 
10 the movable plate 231. As shown in Fig. 27C, the unit 
structural members 512, 513 include support parts 51, and 
flat parts 52 . Each flat part 52 has both its ends supported 
by the support parts 51. The unit structural member 512 of 
the second stage has the three support parts 51 which are 
15 arranged on the unit structural member 511 of the first stage, 
and the two flat parts 52 which are supported among the three 
support parts 51 . The unit structural member 513 of the third 
stage has the two support parts 51 which are respectively 
arranged on the two flat parts 52 of the unit structural 
20 member 512 of the second stage, and the single flat part 
52 which is supported between the support parts 51 . The unit 
structural member 514 of the fourth, uppermost stage has 
a single support part 51 which is arranged on the single 
flat part 52 of the unit structural member 513 of the third 
25 stage, and it does not have any flat part 52. The unit 
structural member 514 of the uppermost stage is provided 
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with a protuberant part 71 which protrudes beyond the width 
of the unit structural member 511 of the lowermost stage. 
As shown in Fig. 26, the protuberant part 71 pushes the 
reflection-portion support portion 105 in the x-direction 
5 in touch therewith and supports this reflection-portion 
support portion 105. 

In each of the unit structural members 512, 513, the 
support parts 51 and the flat part (s) 52 are unitarily formed 
by a single continuous film. Besides, in the unit structural 
10 member 514, the support part 51 and the protuberant part 
71 are unitarily formed by a single continuous film. Each 
support part 51 has four side surfaces and a bottom surface, 
which are formed by the continuous film. In this embodiment, 
the thickness of each of the films constructing the unit 
15 structural members 512 - 514 of the second - fourth stages 
is, at most, 1 um, for example, about 0.2 urn. Besides, the 
height of each of the unit structural members 511 - 514 is 
4 um. Accordingly, the total height of the thin-film 
multilevel structure 5 is 16 um. 
20 Parts where the adjacent ones of the unit structural 

members 512 - 514 of the second - fourth stages lie in touch 
with each other, that is, the bottom surfaces of the support 
parts 51 and the flat parts 52 bearing the bottom surface 
do not have any bonding layer interposed therebetween, but 
25 they are fixed by forces by which the films are secured to 
each other during film formation. Besides, the bottom 
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surfaces of the support parts 51 of the unit structural member 
512 of the second stage are secured to that thin film of 
the movable plate 231 which constructs the unit structural 
member 511 of the first stage, during the film formation, 

5 thereby to be fixed to the unit structural member 511. 

in each of the unit structural members 512 and 513 of 
the second and third stages, the interval of the adjacent 
support parts 51 is set at such an interval that the flat 
part 52 supported between them is not flexed by the film 

10 stress of its own and a weight receiving from the support 
part 51 at the upper stage, and that the flat part 52 whose 
area is enough to arrange the support part 51 thereon can 
be ensured- 

Besides, each of the unit structural members 512 - 514 
15 of the second - fourth stages has a stepped structure 
(turnover) 53 which is formed by bending the peripheral edge 
part of the film twice. Thus, notwithstanding that the unit 
structural members 512 - 514 are constructed of the films 
which are as thin as about 0.2 pa, they are difficult of 
20 deformations, and they heighten the rigidity of the thin-film 
multilevel structure 5. Moreover, even in a case where 
internal stresses exist in the films constructing the unit 
structural members 512 - 514, the stepped structures 53 can 
prevent the films from being deformed and can hold the 

25 structure. 

Since the thin-film multilevel structure 5 is formed 
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of the thin films in this manner, its weight, is light, and 
even the support parts 51 formed of the thin film (Si* film) 
can satisfactorily support the flat part 52. Therefore, the 

multilevel structure which is as high as 16 ^ can be 
5 satisfactorilykeptbyonlythethinfilms. Moreover, owing 
to the pyramidal sUUCture in which the number of the aupport 
parts is smaller (second stage: three support parts 51 
third stage: two support parts 51 -* fourth stage (uppermost 
stage): one support part 51), the upper stage is lighter 
10 in weight and lightens the burden of the support part 31. 

in this manner, the thin-film multilevel structure 5 
in this embodiment can provide themultilevel structure which 
is high, which is rigid and whose weight is light. 
Accordingly, when the thin-film multilevel structures 5 are 
15 mounted on the movable plate 231 and are employed as the 
holding portions of the mirror 118 , the position of the mirror 
118 can be kept against vibrations, etc. without imposing 
any appreciable burden on the movable plate 231. 

The unit structural members 511 - 514 can, of course, 
20 be formed by steps which are guite separate from those of 
the constituent members of the movable plate 23! and the 

4-v. Q mamifactural steps can be sharply 
mirror 118. However, the manuiacturax * 

simplified in such . way that, Just as the unit structural 
memb.rs 511 are formed as the parts (364b, of the movable 
25 plate 231, the unit structural members 512 - 514 are formed 
simultaneously with the formation of the films of the movable 
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plate 231 and the members constituting the mirror 118. In 
this embodiment, the unit structural member 512 of the second 
stage is constructed of the triple-layer film which is formed 
simultaneously with the formation of the film constructing 
5 the support portions 103 and the support portions 102. The 
unit sLruclural u^uber 513 of the third stage is constructed 
of the thin film which is formed simultaneously with the 
formation of the film constructing the reflection portion 
101 . The unit structural member 514 is formed of the silicon 
10 nitride film separately from the mirror 118. 

The manufacturing process of the mirror 118 in this 
embodiment will be described with reference to Figs. 29A 
- 29C and Figs . 30A - 30C. Support portions 102, 103, joint 
portions 104, a reflection-portion support portion 105, a 
15 reflection portion 101, and thin-f ilmmultilevel structures 
5 are patterned into an arrangement and shapes as shown in 
Fig. 28. Incidentally, Figs. 29A - 29C and Figs. 30A - 30C 
show the manufacturing process seen along a section K - K 
in Fig. 28. 

20 First, as shown in Fig. 29A, a resist layer 2001 to 

become a sacrificial layer is formed on a substrate 230 which 
is formed with wiring lines (not shown) necessary for driving 
a movable plate 231, and it is provided with openings (not 
shown) inpartswherelegportions231a, 231d are to be formed. 

25 Besides, a resist island 2002 is formed on that part of the 
resist layer 2001 at which the convex portion 364 of the 
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movable plate 231 is to be provided. A silicon nitride film 
361 is formed on the resultant structure, and holes are formed 
in those parts of the silicon nitride film which correspond 
to the bottom parts of the openings of the leg portions 231a, 
5 231d. An Al film 362 is formed on the resultant structure, 
and it is patterned into the shapes of patterns 362a - 362d 
in Fig. 37. Further, a silicon nitride film 363 is formed, 
and the silicon nitride films 361, 363 are thereafter 
patterned into the shape of the movable plate 231. Thus, 
10 the movable plate 231 in which parts of the convex portion 
364 form unit structural members 511 of first stage can be 
finished up. incidentally, the patterning steps of the Al 
film 362 and the silicon nitride films 361, 363 are performed 
by photolithography and etching. 
15 Subsequently, a resist layer 81 is formed on the whole 

surface of the resultant structure, and it is 
photolithographically formed with openings 81a and openings 
81b at positions where the leg portions 102c of the support 
portions 102 are to be formed, and at positions where the 
20 support parts 51 of the unit structural members 512 of the 
thin-film multilevel structures 5 are to be formed, 
respectively (Fig. 29A) . 

subsequently, resist islands 201 and resist islands 
2201 are respectively formed at positions where the joint 
25 portions 104 and the reflection-portion support portion 105 
are to be formed, and at positions where the unit structural 
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members 512 of the thin-film multilevel structures 5 are 
to be formed (Fig. 29B) . When the resist islands 201 and 
2201 are formed in this manner, stepped structures can be 
formed at the edges of the joint portions 104, 
5 reflection-portion support, portion 105 and unit structural 
member 512, and the rigidities of these constituents can 

be heightened. 

Subsequently, an Al film 103a to construct the support 
portions 103 is formed, and it is patterned into the shapes 
10 of the support portions 103 in Fig. 28 and the shapes of 
the unit structural members 512 by photolithography and 

etching (Fig. 29C) . 

Subsequently, a silicon nitride film and an Al film 
102b are successively formed (Fig. 30A) . The formed Al film 

15 102b is patterned into the shapes of the support portions 
102 in Fig. 19, and the shapes of the unit structural members 
512 . Thereafter, the silicon nitride film is patterned into 
the shapes of the support portions 102, joint portions 104, 
support portions 103, reflection-portion support portion 

20 105 and unit structural members 512 (Fig. 30B) . Thus, the 
silicon nitride films 103b of the support portions 103, the 
joint portions 104 and the reflection-portion support 
portion 105 are formed at one time. Besides, the unit 
structural members 512 of triple-layer construction in which 

25 the Al film, silicon nitride film and Al film are successively 
stacked can be formed by the steps in Fig. 29C and Fig. 30A. 
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A resist layer 141 is formed on the whole surface of 
the resultant structure, and it is respectively formed with 
openings at positions where the joint portions 105b of the 
reflection-portion support portion 105 are to be formed, 
5 and at positions where the support parts of the unit structural 
members 513 of the LlUu-film multilevel structures 5 arc 
to be formed. A resist layer 82 is further formed on the 
resultant structure, and it is removed so as to leave the 
inside shape part of the rim 101a of the reflection portion 
10 101 and the shape parts of the unit structural members 513 
of the thin-film multilevel structures 5, thereby to form 
resist islands. Besides, openings are formed at those 
position of the resist layer 82 at which the joint portions 
105b of the reflection-portion support portion 105 are to 
15 be formed, and at those positions thereof at which the support 
parts 51 of the unit structural members 513 are to be formed. 
Thereafter, an Al film 101 is formed on the whole surface 
of the resultant structure, and it is patterned into the 
shape of the reflection portion 101 and the shapes of the 
20 unit structural members 513 (Fig. 30C) . Thus, the reflection 
portion 101 and the unit structural members 513 of third 
stage can be finished up. This state is as shown in Fig. 
28 . 

Further, after a resist layer {not shown) is formed 
25 on the whole surface of the resultant structure, it is formed 
with openings at positions where the support parts 51 of 
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uni t structure members .14 of fourth stage are to be formed, 
an o resist islands are formed thereon into the shapes of 

t „„. > silicon nitride is formed 
the unit structural members 514. Asliico 

on the whole surface of the resultant structure, and it rs 
S petterned into the shapes of the unit structural members 
.14. Thus, the unit structural members .1. of the fourth 
stage can be finished up. 

sacrificial layers are removed by ashing. Thus, the support 
a0 portions 102 and the support portions 103 bend up so as to 
support the reflection portion 101 of the mirror 118 in Fags . 
X.X and in. and the reflection-portion support portion 1.3 
touch the thin-film multilevel structures 5, -hereby the 

Hon 101 is located substantially 
reflection portion 101 

t_ ^^=4-^9^0 Besides/ the movable 
15 perpendicularly to the substrate 230. Besioe, 

plate 231 rises up from the substrate 230 with the legportions 
am, 231d used as support portions, and it is permitted 
t0 move the mirror lie up and down through a Lorentr force 
and an electrostatic force by feeding the patterns 362a, 
„ 362b, 3.2d of the M film 3,2 with a current for the horentr 
I0 rce end a voltage for the electrostatic force as shown 
in Fig. 38, 

„ this manner, according to the ninth embodiment, the 
thin-f ilmmultilevel structures 5 are mounted as the holding 

.. „ 1n1 . e oil whereby the sense of the 
25 portions on the movable plate 231, wnere 

4.. im «f the mirror 118 can be kept constant, 
reflection portion 101 of tnemirro 
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Moreover, the movable plate 231 is provided with the convex 
portion 364 so as to keep the flatness of its part bearing 
the mirror lie, so that the sense of the reflection portion 
101 of the mirror 118 can be held constant. Furthermore, 
5 owing to the construction in which the movable plate 231 
is drivenby combining the Lorentz force and the electrostatic 
force, an optical switch which can be driven with low 
dissipation power can be provided. 

Besides, since the movable plate 231 can be stopped 
10 at adesiredheightbyutilizingtheLorentz force, theoptical 
switch in the ninth embodiment can be employed as a light 
quantity attenuator by stopping the reflection portion 101 
at an intermediate position at which the desired light 
quantity of a light beam is intercepted. 
15 Besides, although the mirror 118 in Figs. 18A and 18B 

is employed as the mirror mounted on the movable plate 231, 
in the ninth embodiment, this mirror 118 is not restrictive, 
but it is possible to mount the mirror in any of the first 
- sixth embodiments described before, and to mount the 
20 thin-film multilevel structures 5 as the holding portions. 
By way of example, the thin-film multilevel structures 5 
can be mounted as the holding portions instead of the stop 
portions 91, 92 of the mirror 112 in the second embodiment 
or the stop portions 91, 92, 93, 94 of the mirror 113 in 
25 the third embodiment. 

Incidentally, although each thin-film multilevel 



81 



03-1 0-01:07: SW.'JttWIH N*a5Ma 



MORGAN LEWIS ; 0453 1 63701 



# 85/103 



structure 5 has four stages, it can be endowed with a desired 
number of stages in order to attain a necessary height. 
Besides, although each unit structural member 511 of the 
lowermost stage is formed integrally with the movable plate 
5 231 intheninthembodiment, it can also be formed of a separate 
thin film on the movable plate 231. In this case, the unit 
structural member 511 is provided with five support parts 
51 and is brought into the same shape as that of the unit 
structural member 512. 
10 Besides, each thin-film multilevel structure 5 is not 

restricted to the configuration shown in Figs. 27A, 27B and 
27C. It is possible to employ, for example, thin-film 
multilevel structures which have configurations as shown 

in Fig. 31 - Fig. 33. 

15 Since the thin-film multilevel structure 3002 in Fig. 

31 has substantially the same top plan configuration as in 
Fig. 27A, the top plan configuration is omitted from 
illustration. However, a unit structural member 511 of the 
lowermost stage is separate from a movable plate 231. The 

20 thin-film multilevel structure 3002 consists in the point 
that each of unit structural members 511 - 514 is provided 
not with any stepped structure at its peripheral edge part, 
and the point that each of all the unit structural members 
511 - 514 is constructed of a triple-layer film. The 

25 remaining construction is the same as in the ninth embodiment 
described before. 
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The triple-layer film constructing each of the unit 
structural members 511 - 514 is $o constructed that a film 
310, a film 320 and a film 330 are successively stacked from 
a substrate side. The reason why each of all the unit 
5 structural members 511 - 514 is constructed of the 
triple-layer film in this manner, ie that the internal 
stresses of the individual films 310, 320, 330 are canceled 
from each other, whereby each of the unit structural members 
511 - 514 is constructed of the triple-layer film having 

10 almost no residual stress. In order to cancel the internal 
stresses from each other, the film 310 of the lowermost layer 
and the film 330 of the uppermost layer should desirably 
be made of an identical material and have substantially equal 
thicknesses. By way of example, it is possible that the films 

15 310 and 330 are made of SiN films of the same thicknesses, 
while the film 320 interposed between them is made of an 
Al film. 

In thismanner, the thin-f ilmmultilevel structure 3002 
in Fig. 31 has each of the unit structural members 511 - 
20 514 constructedof the triple-layer film in which the internal 
stresses are canceled from each other, so that it can hold 
rigidity without forming the stepped structures 53 as in 
the thin-film multilevel structure 5 shown in Figs. 27A - 
27C. 

25 Next, the thin-f ilm multilevel structure 3003 in Fig- 

32 will be described. This thin-f ilm multilevel structure 
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3003 includes unit structural meters 41, 42. The unit 
structural member 41 of first stage has a circular flat part 
44, and three support parts 43 for supporting the flat part 
44. The three support parts 43 are arranged at intervals 
5 of 120* around the center of the flat part 44, that is, at 
posit ionc corresponding to the vertices of * regular triangle . 
in this manner, the support parts 43 of the thin-film 
multilevel structure 3003 are not aligned on a straight line 
like the support parts 51 of the thin-film multilevel 
L0 structure 5, but they are arranged in multilevel fashion. 

The unit structural member 42 of second stage has the 
same size and shape as those of the unit structural member 
41 of the first stage. The support parts 43 of the unit 
structural member 42 of the second stage are arranged at 
IB angles at which they are shifted every 60° from the support 
parts 43 of the unit structural member 41 of the first stage, 
so as to be supported by the flat part 44 of the unit structural 
member 41 of the first stage. 

incidentally, also in the thin-film multilevel 
20 structure 3003 shown in Fig. 32, the support parts 43 and 
the flat part 44 are unitarily formed of a thin film of SiN 
or the like, as in the thin-film multilevel structure 5. 
Besides, a stepped structure (turnover) 53 is provided at 
the peripheral edge part of the thin film, thereby to prevent 
25 the corresponding unit structural member 41 or 42 from being 
deformed, and to hold the rigidity of the thin-f ilmmultilevel 
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structure 3003. 

The thin-film multilevel structure 3003 in Fig. 32 can 
be manufactured by manufactural steps similar to those of 
the thin-film multilevel structure 5. 

Besides, although the thin-film multilevel structure 
3003 in which the unit structural members 41, 42 are staged 
in the two stages is shown in Fig. 32, unit structural members 
can be similarly stacked in three or more stages. 

Next, the thin-film multilevel structure 3004 shown 
in Fig. 33 will be described. This thin-film multilevel 
structure 3004 is a modification to the thin-film multilevel 
structure 5. In the thin-film multilevel structure 3004, 
each of all unit structural members 61 - 64 of four stages 
has one support part 51. The support part 51 is filled up 
15 with a resist 65. This support part 51 is overlaid with a 
flat part 66 which serves as the cover of the resist 65, 
and which supports the support part 51 of the upper stage. 

The support part 51 has the same shape as that of the 
support part 51 of the thin-film multilevel structure 5, 
20 and the four side surfaces and the bottom surface thereof 
are unitarily formed of a single film. A stepped structure 
(turnover) 53 is formed at the peripheral edge part of the 
film which constructs the support part 51. A stepped 
structure (turnover) 53 is also formed at the peripheral 
edge part of a film which constructs the flat part 66. The 
films which construct the stepped structure 53 of the support 
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part 51 and the stepped structure 53 of the corresponding 
flat part 66, are held in close contact by securing forces 
which develop during film formation. 

The thin- f ilia multilevel structure 3004 in Fig. 33 can 
5 form a high multilevel structure on a small area for the 
reasons that each of all the stages has only one support 
part 51, and that the unit structural members 61 - 64 are 
rectilinearly stacked upwards. Besides, since the resist 
65 is packed inside each support part 51, a support strength 

10 is higher than in a case where the support part 51 is hollow. 
Thus, a certain mechanical strength can be attained in spite 
of the structure in which the unit structural members 61 
- 64 are rectilinearly stacked as shown in Fig. 33. 

Incidentally, since the resist 65 packed inside each 

15 support part 51 is part of a sacrificial layer, amanuf actural 
step need not be added for packing the resist 65. 

By the way, the construction of the thin-f ilmmultilevel 
structure 3004 in Fig. 33 can also be altered into a 
construction in which each support part 51 is not filled 

20 up the resist 65. This construction can be realized by 
providing an opening in a part of the support part 51, and 
removing the resist 65 inside the support part 51 together 
with the sacrificial layer. 
(Tenth Embodiment) 

25 An optical switch in the tenth embodiment will be 

described with reference to Figs. 34A and 34B and Figs. 41A 
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and 4 IB. 

Although the optical switch in this embodiment has 
almost the same construction as that of the optical switch 
in the ninth embodiment, it differs from the optical switch 
5 in the ninth embodiment in the point that, as shown in Fig. 
34B and Fig. 41A, the reflection portion 101 of a mirror 
U8 is inclined relative to a movable plate 231 . Except the 
inclination of the reflection portion 101, the structure 
of the mirror 118 is the same as in Fig. 18 A, as seen from 

10 Fig- 34A. 

The reflection portion 101 is inclined relative to the 

movable plate 231, for the following reason: The optical 

switch in the ninth embodiment is in such a configuration 

that, as shown in Fig. 40A, the upper end latus of the 

15 reflection portion 101 of the mirror 118 becomes parallel 

to the principal plane of the optical waveguide substrate 

240 in the state where the movable plate 231 is parallel 

to the substrate 230. In consequence, the upper end latus 

of the ref lectibnportion 101 inclines relative to the optical 

20 waveguide substrate 240 in the state where the movable plate 

231 rises up to insert the reflection portion 101 into the 

groove 246 of the optical waveguide substrate 240 as shown 

in Fig. 40B. in this embodiment, therefore, the reflection 

portion 101 is formed into the inclined shape beforehand 

25 in order that the upper end latus 101b of the reflection 

portion 101 may become parallel to the optical waveguide 
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substrate 240 in the state of Fig. 41B where the reflection 
portion 101 is inserted into the groove 246 of the optical 
waveguide substrate 240. Thus, when the movable plate 231 
is raised as shown in Fig. 41B, the area of the reflection 
5 portion 101 which is inserted into the groove 246 can.be 
increased, so that even the reflection portion 101 being 
small can efficiently conceal the end faces of the optical 
waveguides 243, 244. Moreover, since the depth of the groove 
246 can be made shallow, a thin-type optical switch can be 

10 provided. 

incidentally, a process for manufacturing the mirror 
U8 in which the reflection portion 101 is inclined as shown 
in Fig. 34B is almost the same as the process described in 
the ninth embodiment . In patterning the reflection portion 

IS 101, however, this reflection portion is patterned into an 
inclined pattern as shown in Fig. 35. Thus, the mirror 118 
in which the reflection portion 101 is inclined as shown 
in Fig. 34B can be manufactured. 
(Eleventh Embodiment) 

20 Next, an optical switch in the eleventh embodiment will 

be described with reference to Fig. 42, Figs. 43A and 43B, 
etc. 

The optical switch in the eleventh embodiment is such 
that, in the optical switch in the ninth embodiment, as shown 
25 in Fig. 42, groovy structure parts 105c are provided at those 
parts of the reflection-portion support portion 105 which 
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the protuberant parts 71 of the respective thin-film 
multilevel structures 5 touch. The construction of the 
optical switch except the groovy structure parts 105c is 
the same as in the ninth embodiment, and shall therefore 
5 be omitted from description- 
Fig. 43A shows the relation of a touch part between 
the protuberant part 71 of the thin-film multilevel structure 
5 and the reflection-portion support portion 105 in the 
eleventh embodiment, while Fig. 43B shows the relation of 

10 a touch part between the protuberant part 71 of the thin-film 
multilevel structure 5 and the reflection-portion support 
portion 105 in the ninth embodiment* As seen from these 
figures, in the eleventh embodiment, the protuberant part 
71 of the thin-film multilevel structure 5 touches the groovy 

15 structure part 105c of the reflection-portion support 
portion 105 and is held by the concavity of the groovy 
structure part 105c. Therefore, the reflection-portion 
support portion 105 can be prevented from slipping up or 
down relative to the protuberant parts 71 of the thin-film 

20' multilevel structures 5, This brings forth the advantage 
that the angle of the reflection portion 101 can be held 
constant more precisely than in the ninth embodiment . 

The manufacturing process of the mirror 118 in this 
embodiment differs from that of the mirror 118 in the ninth 

25 embodiment, in the following point: After resist islands 
201 and resist islands 2201 have been respectively formed 
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at positions where joint portions 104 and a 
reflection-portion support portion 105 are to be formed and 
at positions where the unit structural members 512 of 
thin-film multilevel structures 5 are to be formed (Fig* 
5 29B) , a sacrificial layer for providing groovy structure 
parts 105c is formed of a resist on a rag-inn including the 
touch points between the reflection-portion support portion 
105 and protuberant parts 71, by exposure technology such 
as EB exposure. Thereafter, the manufacturing process is 

10 the same as in the ninth embodiment. Incidentally, the 
sectional shape of the sacrificial layer may be any desired 
shape such as triangular shape, rectangular shape or 
semicircular shape, as long as the protuberant parts 71 can 
be prevented from slipping up or down when they have touched 

15 the corresponding groovy structure parts 105c. Owing to the 
new sacrificial layer, the groovy structure parts 105c as 
shown in Fig. 42 are formed in regions 105a' surrounded with 
broken lines in Fig* 44, 

Incidentally, the eleventh embodiment has been 

20 described on the example wherein, in the optical switch in 
the ninth embodiment, those parts of the reflection-portion 
support portion 105 which the protuberant parts 71 of the 
thin-film multilevel structures 5 touch are provided with 
the groovy structure parts 105c, However, the holding 

25 portions which touch the groovy structure parts 105c are 
not restricted to the thin-film multilevel structures 5. 
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By way of example, in the optical switch in the second 
embodiment, those parts of the reflection portion 101 which 
the distal end parts of the stop portions 91, 92 touch may 
well be provided with the groovy structure parts 105c, 
5 In each of the first - eleventh embodiments described 

above, the reflection portion 101 is mounted in the mirror 
12 in Figs. 1A and IB, the mirror 112 in Figs. 10A and 10B, 
the mirror 113 in Fig. 12, the mirror 116 in Fig. 15A, the 
mirror 117 in Fig* 16, or the mirror 118 in Fig. 18. The 

10 reflection portion 101, however, can be replaced with a light 
shield film of low light reflection factor, a polarization 
film having a polarizing characteristic, or an optical thin 
film having an optical wavelength filter characteristic. 
Such a film can be mounted on, for example, the movable plate 

15 21 or 231 in the first, eighth or ninth embodiment, thereby 
to construct an optical element such as a light quantity 
attenuator, a polarizer or a wavelength selector. 
(Twelfth Embodiment} 

Next, an optical device in the twelfth embodiment will 
20 be described with reference to the drawings. 

As shown in Fig. 46 and Fig. 47, the optical device 
in this embodiment employs a mirror 1118 constructed of a 
thinfilm, as an optical element, and it includes a suppression 
portion which is so constructed that a pair of stoppers 1106 
25 are arranged for the mirror 1118, whereby even when vibrations, 
etc. have been externally imparted to the mirror 1118, the 
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change of the sense of the mirror 1118 can be suppressed. 
Owing to such a construction, it is possible to suppress, 
for example, the displacement of an optical film constructing 
the optical element, in a normal direction or to an upper 
5 position. in this embodiment, the displacement of the 
optical film contracting the reflective surface of the 
mirror 1U8, in the normal direction, and the displacement 
thereof in a vertical direction orthogonal to a normal line 
are suppressed- 

10 As shown in Figs. 55A and 55B, the optical device in 

this embodiment is an optical switch which is so constructed 
that an optical waveguide substrate 1240 and a mirror 
structure substrate 1230 are placed one over the other at 
a predetermined spacing by interposing an unshown spacer 

15 therebetween. 

As shown in Figs. 5SA and 55B and Fig. 56, a movable 
plate 1231 is mounted on the mirror structure substrate 1230, 
and the mirror 1118 is mounted on the movable plate 1231. 
The mirror 1118 has the same construction as that of 
20 the mirror 118 in Fig. 26, except the arrangement of the 
pair of stoppers 1106, and it shall therefore be omitted 
from detailed description. 

Since thin-film multilevel structures 1005 support a 
reflection-portion support portion 1105, the mirror 1118 
25 is stable even when the bent states of support portions 1102, 
1103 have changed due to a temperature change. In this 
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embodiment, in order to further stabilize the position of 
the reflection-portion support portion 1105 in spite of the 
imputation of the external vibrations, etc., the stoppers 
U06 are arranged on that side of the reflection-portion 
5 support portion 1105 on which the leg portions 1102c of the 
support portions 1102 are arranged, as shown in Fig. 46. 
The stoppers 1106 are respectively arranged at positions 
opposing to the thin-film multilevel structures 1005, with 
the reflection-portion support portion 1105 interposed 
10 therebetween. Each of the stoppers 1106 is constructed in 
such a way that a U-shaped cut 1106a is formed in a part 
of the movable plate 1231, and that a rectangular region 
inside the cut 1106a is raised by bending. The bending of 
the stopper 1106 is caused by the internal stress of a 
15 triple-layer film which constructs the movable plate 1231 . 
The direction of the bending is the longitudinal direction 
of the stopper 1106. The film construction of the movable 
plate 1231 will be described in detail later. 

in a case where the distal ends 1106b of the stoppers 
20 1106 are located so as to touch the reflection-portion support 
portion 1105 and to hold this reflection-portion support 
portion 1105 between them and the thin-film multilevel 
structures 1005, the movement of the reflection-portion 
support portion 1105 can be favorably suppressed 
25 substantially perfectly even when the external vibrations 
have been imparted. However, the distal ends 1106b need not 
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always lie in touch with the reflection-portion support 
portion 1105, and gaps may well exist between these distal 
ends 1106b and the ref lection-portion support portion 1105. 
The reason therefor is that, from the structural 
5 viewpoint of the mirror 1118, the ref lection-portion support 
portion 1105 is easily moved .by the temperature chanqe onto 
the side on which the thin-film multilevel structures 1005 
arearranged, and that themovement is checkedby the thin-film 
multilevel structures 1005 as described before. In the 
XO ordinary state of the mirror 1118, therefore, the position 
of the reflection-portion support portion 1105 is stable 
in touch with the thin-film multilevel structures 1005 . It 
is when large external vibrations or the likes have been 
imparted that the reflection-portion support portion 1105 
X5 moves onto the side on which the stoppers 1106 are arranged. 
Accordingly, even when the gaps exist between the distal 
ends 1106b of the stoppers 1106 and the reflection-portion 
support portion 1105, this reflection-portion support 
portion 1105 moves only slightly till its touch with the 
20 distal ends 1106b of the stoppers 1106, upon the impartation 
of the external vibrations, and the further movement thereof 
is limited by the stoppers 1106, Besides, when the external 
vibrations have faded away, the reflection-portion support 
portion 1105 returns to its position where it touches the 
25 thin-film multilevel structures 1005, again. Accordingly, 
the distal ends 1106b of the stoppers 1106 should preferably 



94 



03-10-01 ;07:55PM;!/aMOMWH*«5^" 



MORGAN LEWIS 



-. 04531 63701 



# 98/103 



U. in touch With the reflection-portion support portron 

miy well define the 5 aps relative to it. 

^t, the construction of the aoveole plate X2.1 will 

5 be described. 

as a Uo„u in the »o„hle plate l.» » — 

o£ a triple-layer f il» in which a silicon nitride til. 1301. 
in A l m. 136* and a silicon nitride fil* 13" are 
suc ces S ivelystaeaed. Th.uovehleplate 123! is for*eounder 

.„ as t o he hent upwards relative to the suhstrate 1230 at 
_ temperatures h y an internal stress which develops ue 
t0 th e difference hetween the coefficients of ther, 

j , 1561, 1363 and tne 

expansion of the silicon mtr.de films 1361, 

1 ,tr» S es which have developed 
15 Al film 1362, and internal stresses wn 

during film formation. 

• via 56 the movable plate 1231 includes 
As shown m Fig. 56, tne »w 

«i ate 1231b for mounting themirror 
arectangularmirrormountplatel23iox 

1118 , and two beltli*e support plates 1231c connected to 
20 the end part of the mirror mount plate 1,31b. Bach of the 

l 23 ld at its end part . Both the leg portions 1231a and 1231d 
are fi xed to the substrate 1230. Accordingly, the movable 
pl .t. -31 is bent upwards by the internal stresses, whereby 

rO*te 1231b rises up as shown 
25 the side of this mirror mount Plate 12310 

i ?^la, 1231d used as fixed 
in Fig. 55B, with the leg portions 1231a, 
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ends. Thus, the mirror 1118 can be inserted into the groove 
1246 of the optical waveguide substrate 1240 as shown in 
Pig, 55B. 

On the other hand, the optical waveguide substrate 1240 
5 has the same construction as that of the optical waveguide 
substrate 240 in Fig- 24. 

Besides, as shown in Fig. 56 and Fig. 57A, the movable 
plate 1231 of the mirror structure substrate 1230 is provided 
with a convex portion 1364 along the edge of the mirror mount 

10 plate 1231b (incidentally, the convex portion 1364 is omitted 
from illustration in Fig. 46) , As shown in Fig. 57B, the 
convex portion 1364 is formed by convexing the triple-layer 
film which constructs the movable plate 1231. This convex 
portion 1364 is also extended on the partial regions of the 

15 support plates 1231c of the movable plate 1231 . Incidentally, 
the convex portion 1364 is not extended on the regions of 
the support plates 1231c near the leg portions 1231a, 1231d. 
Since a stepped structure is formed at the edge of the movable 
plate 1231 by providing the convex portion 1364 in this manner, 

20 bending based on the internal stresses is suppressed in the 
region of the movable plate 1231 surrounded with the convex 
portion 1364 and the regions thereof providedwith this convex 
portion 1364, and the regions can be kept flat. Therefore, 
the shape of the mirror 1118 mounted on the movable plate 

25 1231 can be held constant, and the sense of the reflection 
portion 1101 of the mirror 1118 can be kept constant at a 
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high precision. 

Besides, since the regions of the support plates 1231c 
near the leg portions 1231a, 1231d are not provided with 
the convex portion 1364, they bend on the basis of the internal 
5 stresses. Owing to the bending of the regions, the movable 
plate 1231 raises the side of the mirror mount plate 1231b 
as shown in Fig. 55B with the leg portions 1231a, 1231d used 
as the fixed ends- In this manner, only the parts to be kept 
flat are provided with the convex portion 1364, thereby to 

10 make the movable plate 1231 movable by utilizing the bending, 
and yet, the necessary parts can be made flat. 

Besides, as shown in Fig. 57A, parts 1364a, 1364b of 
the convex portion 1364 extend toward the central part of 
the mirror mount plate 1231bof themovable plate 1231. Thus, 

15 even in a case where the area of the central part of the 
mirror mount plate 1231 surrounded with the convex portion 
1364 is large, the region of the central part can be kept 
flat. Besides, each part 1364b of the convex portion 1364 
serves also as the first stage of the thin-film multilevel 

20 structure 1005. 

Incidentally, as shown in Fig. 57A, that region of the 
movable plate 1231 on which the mirror 1118 is mounted is 
surrounded with the convex portion 1364 so as to be kept 
flat, as described above. Since, however, each cut 1106a 

25 is provided in the shape of letter U, the convex portion 
1364 no longer acts on the part of the rectangular stopper 
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1106 inside the cut 1106a. Thus, the part of the stopper 
1106 warps upwards as shown in Fig. 46, owing the internal 
stresses which remain in the triple-layer film constructing 
the movable plate 1231, and it functions as the very stopper. 
5 Next, the shape of the Al film 1362 of the movable plate 

1231 will be described with reference to Fig. 58. In this 
embodiment, the Al film 1362 is patterned into the shape 
as shown in Fig. 58, in order to drive the movable plate 
1231 by utilizing both a Lorentz force and an electrostatic 

10 force. Herein, Fig. 58 shows the shape of the Al film 1362 
in the case where the movable plate 1231 is seen from above, 
and the part of the Al film 1362 is hatched for better 
understanding. 

A pattern 1362a in the Al film 1362 is a pattern which 

15 extends along the outer peripheral edge of the movable plate 
1231 from one of the two leg portions 1231d and reaches the 
distal end of the movable plate 1231, and which thereafter 
: extends along the opposite edge of the movable plate 1231 
and arrives at the other leg portion 1231d. In driving the 

20 movable plate 1231 by the Lorent2 force, the pattern 1362a 
is employed as a wiring line through which a current for 
generating the Lorentz force flows. This pattern 1362a is 
connected at the leg portions 1231d with wiring lines laid 
in the substrate 1230, and it is fed with the current from 

25 the substrate 1230 through the leg portions 1231d. The 
current which flows through the straight part of the pattern 
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1362. extending along one iatus 1231. at the di.t.l en* of 
the movable plate 1231 is used for generating the Lcrent* 
fore .. Besides, although not shown, magnetic field 
deration means such as a permanent magnet or an 
5 electromagnet is attached to the optical switch in this 
raiment. The direction of the magnetic field of th. 
m agnetic field generation means is a direction which is 
orthogonal to the letus 1231. at the distal end of the movable 
plate 1231 and which is parallel to th. principal plane of 
10 the substrate 1230, and the sens, of the magn.tic field is 
set so as to generate the Lorenta force in the sense of bringing 
the movable plate 1231 near to the substrate 1230 (downward 
Lorentz force, . in relation to the sense of the current which 
is fed to the pattern 1362a. 

Besides, a pattern 1362b in th. XI film »6» "tends 
from both the two leg portions 1231a to the diets! end part 
of the movable plat. 1231 along the inner edge of th. movable 
pl ate 1231, and it is connected to a rectangular pattern 
1362 d arranged at the distal end part. The pattern 1362b 
20 is connected at the leg portions 1231a with wiring lines 
laid in the substrate 1230, and a voltage is applied between 
it end an electrode disposed in the substrate 1230. Thus, 
an electromagnetic force is generated between the patterns 
1362 b and 1362d and the electrode disposed in the substrate 
25 1230, and the movable Plate 1231 is attracted to the substrate 

1230 by the electrostatic force. 
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In this embodiment, in the case of driving the movable 
plate 1231, the Lorentz force and the electrostatic force 
are controlled in the same manner as in Fig. 38* 

Since the construction of each thin-film multilevel 
5 structure 1005 in Fig. 47 is the same as that of the thin-film 
multilevel structure 5 in Figs. 27A, 27B and 27C, it shall 
be omitted from detailed description- 
Next, the manufacturing process of a movable plate 1231 
including stoppers 1106, a mirror 1118 and thin-film 
10 multilevel structures 1005 will be described with reference 
to Figs. 53A - 53C and Figs. 54A - 54C. The stoppers 1106, 
support portions 1102, 1103, joint portions 1104, a 
reflection-portion support portion 1105, a reflection 
portion 1101, and the thin-film multilevel structures 1005 
15 are patterned into an arrangement and shapes as shown in 
Fig, 45. Incidentally/ Figs* 53A - 53C and Figs. 54A - 54C 
show the manufacturing process seen along a section A - A 
in Fig. 45. 

First, as shown in Fig. 53A, a resist layer 12001 to 
20 become a sacrificial layer is formed on a substrate 1230 
which is formed with wiring lines (not shown) necessary for 
driving the movable plate 1231, and it is provided with 
openings {not shown) in parts where leg portions 1231a, 123ld 
are to be formed. Besides, a resist island 12002 is formed 
25 on that part of the resist layer 12001 at which the convex 
portion 1364 of the movable plate 1231 is to be provided* 
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A silicon nitride film 1361 is formed on the resultant j 
structure/ and holes are formed in those parts of the silicon j 
nitride film which correspond to the bottom parts of the 
openings of the leg portions 1231a, I231d. An Al film 1362 
S is formed on the resultant structure, and it is patterned 

into the shapes of patterns 1362a - 1362d in Fig . 58 . Further, : 
a silicon nitride film 1363 is formed, and a triple-layer [ 
film which consists of the silicon nitride film 1361, Al 
film 1362 and silicon nitride film 1363 is thereafter j 

10 patterned into the external shape of the movable plate 1231 . 
At the patterning, the U-shaped cuts 1106a of the stoppers 
1106 are simultaneously formed as shown in Fig. 53A* Thus, , 
themovableplate 1231 having the stoppers 1106 canbe finished 
up* Incidentally, the patterning of the Al film 1362 and 

15 the silicon nitride films 1361, 1363 is performed by 
photolithography and etching. 

Subsequently, a resist layer 1081 is formed on the whole 
surface of the resultant structure, and it is 
photolithographically formed with openings 1081a and 

20 openings 1081b at positions where the leg portions 1102c 
of the support portions 1102 are to be formed, and at positions 
where the support parts 1051 of the unit structural members 
1512 of the thin-film multilevel structures 1005 are to be 
formed, respectively. Subsequently, resist islands 1201 

25 and resist islands 12201 are respectively formed at positions 
where the joint portions 1104 and the reflection-portion 
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support portion 1105 are to be formed, and at positions where 
the unit structural members 1512 of the thin-film multilevel 
structures 1005 are to be formed (Fig. 53B) . When the resist 
islands 1201 and 12201 are formed in this manner, stepped 
5 structures can be formed at the edges of the joint portions 
1104, rcf lection-portion support portion 1105 and unit 
structural member 1512, and the rigidities of these 
constituents can be heightened. 

Subsequently, an Al film 1103a to construct the support 

10 portions 1103 is formed, and it is patterned into the shapes 
of the support portions 1103 in Fig. 45 and the shapes of 
the unit structural members 1512 by photolithography and 
etching (Fig. 53C) ♦ 

Subsequently, a silicon nitride film and an Al film 

15 1102b are successively formed (Fig. 54A) • The formed Al film 
1102b is patterned into the shapes of the support portions 
1102 in Fig. 45, and the shapes of the unit structural members 
1512. Further, the silicon nitride film underlying the Al 
film 1102b is patterned into the shapes of the support portions 

20 1102, joint portions 1104, support portions 1103, 
reflection-portion support portion 1105 and unit structural 
members 1512 (Fig. 54B) . Thus, the silicon nitride films 
1103b of the support portions 1103, the joint portions 1104 
and the reflection-portion support portion 1105 are formed 

25 at one time. Besides, the unit structural members 1512 of 
triple-layer construction in which the Al film, silicon 
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nitride film and Al film are successively stacked can be 
formed by the steps in Fig. 53C and Fig. 54A. 

A resist layer 1141 is formed on the whole surface of 
the structure in Fig* 54B, and it is respectively formed 
5 with openings at positions where the joint portions 1105b 
of the ref lection-portion support portion 1105 are to be 
formed, and at positions where the support parts of the unit 
structural members 1513 of the thin-film multilevel 
structures 1005 are to be formed* A resist layer 1082 is 

10 further formed on the resultant structure, and it is removed 
so as to leave the inside shape part of the rim 1101a of 
the reflection portion 1101 and the shape parts of the unit 
structural members 1513, thereby to form resist islands. 
Besides, openings are formed at those position of the resist 

15 layer 1082 at which the joint portions 1105b of the 
reflection-portion support portion 1105 are to be formed; 
and at those positions thereof at which the support parts 
1051 of the unit structural members 1513 are to be formed. 
Thereafter, an Al film 1101 is formed on the whole surface 

20 of the resultant structure, and it is patterned into the 
shape of the reflection portion 1101 and the shapes of the 
unit structural members 1513 (Fig. 54C) . Thus, the 
reflection portion 1101 and the unit structural members 1513 
of third stage can be finished up. This state is as shown 

25 in Fig. 45. 

Further, after a resist layer (not shown) is formed 
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on the whole surface of the resultant structure, it is formed 
with openings at positions where the support parts 1051 of 
unit structural members 1514 of fourth stage are to be formed, 
and resist islands are formed thereon into the shapes of 
5 the unit structural members 1514. A silicon nitride film 
is formed on the whole surface of the resultant structure, 
and it is patterned into the shapes of the unit structural 
members 1514 . Thus, the unit structural members 1514 of the 
fourth stage can be finished up. 

10 Lastly, all of the resist layers 1081, 1141, 1082 being 

sacrificial layers are removed by ashing. Thus, the support 
portions 1102 and the support portions 1103 bend up, the 
reflection portion 1101 rises up substantially vertically 
as shown in Fig* 47, the reflection-portion support portion 

15 1105 comes into touch with the thin-film multilevel 
structures 1005, and the reflection portion 1101 is located 
substantially perpendicularly to the substrate 1230. Also 
the stoppers 1106 bend as shown in Fig. 46, so as to suppress 
the movement of the reflection-portion support portion 1105 

20 at positions which oppose to the thin-film multilevel 
structures 1005 through the reflection-portion support 
portion 1105. 

Besides, the movable plate 1231 rises up from the 
substrate 1230 with the leg portions 1231a, 1231d used as 

25 support portions (Fig. 55B) , Thus, the movable plate 1231 
is permitted to move the mirror 1118 up and down through 
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a Lorentz force and an electrostatic force by feeding the 
patterns 1362a, 1362b, 1362dof the Al film 1362 with a current 
for the Lorentz force and a voltage for the electrostatic 
force • 

5 In this manner, the twelfth embodiment is so constructed 

that the reflection portion 1101 made of the thin film is 
supported as the mirror 1118 substantially vertically by 
the support portions 1102, 1103 made of the thin films. 
Therefore, the reflective surface of the reflection portion 

10 1101 can be formed into a smooth surface, and it can be easily 
endowed with a high reflection factor. Incidentally, the 
reflection portion 1101 of the mirror 1118 has the tendency 
that its surface having confronted the side of the movable 
plate 1231 at a manufactural stage exhibits a higher mirror 

15 finishability, accordingly a higher reflection factor. 
Consequently, the surface of the reflection portion 1101 
having confronted the side of the movable plate 1021 at the 
manufactural stage should preferably be employed as a light 
reflection surface- Therefore, the mirror 1118 should 

20 desirably be mounted on the movable plate 1231 so as to enter 
light in a direction indicated in Fig- 47. 

Besides, the U-shaped cuts 1106a are formed in the 
movable plate 1231 at the manufactural stage, whereby the 
bent stoppers 110 6 can be formed by utilizing the internal 

25 stresses of the triple-layer film which constructs the 
movable plate 1231. Therefore, even in a case where 
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vibrations have been externally imparted, the sense of the 
reflection portion 1101 of the mirror 1118 can be kept 
constant. 

Incidentally, although the optical switch has been 
5 described in this embodiment/ the present invention is not 
restricted thereto. Besides, the reflection portion 1101 
can be replaced with a light shield film of low light 
reflection factor, a polarization film having a polarizing 
characteristic, or an optical thin film having an optical 
10 wavelength filter characteristic. Thus, an optical element 
such as a light quantity attenuator, a polarizer or a 
wavelength selector can be constructed. 

By the way, in this embodiment, it is also possible 
to provide convex portions or stepped structures outside 
15 the cuts 110 6a of the movable plate 1231. When the convex 
portions or stepped structures are provided in this manner, 
the parts of the movable plate 1231 around the stoppers 1106 
can be made rigid, and hence, the flatness of the parts of 
the movable plate 1231 around the stoppers 1106 can be 
20 heightened. 

(Thirteenth Embodiment) 

An optical device in the thirteenth embodiment of the 
present invention will be described with reference to Fig. 
48. 

25 The optical device in the thirteenth embodiment differs 

from the optical device in the twelfth embodiment in the 
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shape of each stopper 1106 which is provided in a movable 
plate 1231. The remaining construction is the same as in 
the twelfth embodiment, and shall therefore be omitted from 
description. 

5 As shown in Fig. 48, each stopper 1106 in the thirteenth 

embodiment is the 3ame as in the twelfth embodiment in tha 
point that a U-shaped cut 1106a is provided in the movable 
plate 1231, and that a rectangular region inside the cut 
1106a is bent, but the longitudinal direction of the stopper 

10 1106 differs 90 degrees from that of the stopper 1106 in 
the second embodiment. The stoppers 1106 in Fig* 48 are such 
that their longitudinal directions are parallel to a 
reflection-portion support portion 1105, and that their side 
surfaces 1106c lie in touch with the surface of the 

15 reflection-portion support portion 1105, thereby to suppress 
the positional fluctuation of the reflection-portion support 
portion 1105, The side surfaces 1106c of the stoppers 1106 
should preferably touch the reflection-portion support 
portion 1105 with this portion 1105 held between them and 

20 thin-filmmultilevel structures 1005, but gaps may well exist 
between the side surfaces 1106 and the reflection-portion 
support portion 1105 as described in the twelfth embodiment* 
Even in the existence of the gaps, when the ref lection-portion 
support portion 1105 has moved due to the impartation of 

25 external vibrations, the movement can be suppressed in such 
a way that the side surfaces 1106c of the stoppers 1106 come 
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into touch with the reflection-portion support portion 1105. 
(Fourteenth Embodiment) 

An optical device in the fourteenth embodiment of the 
present invention will be described with reference to Figs. 
5 49A and 49B. ■ 

As shown in Fig. 4 9£, thp. nptir.al device in the 
fourteenth embodiment is the same as the optical device in 
the twelfth embodiment in the point that U-shaped cuts 1106a 
are provided in a movable plate 1231, but the former differs 

10 from the latter in the point that stoppers 1106 inside the 
cuts 1106a are made flat without being bent. Besides, 
protuberant parts 1107 are provided at the lower edge of 
a reflection-portion support portion 1105, and each of them 
is inserted into the corresponding cut 1106a as shown in 

15 Fig* 49B, so as to be snugly fitted. Owing to the snug fit, 
the movement of the reflection-portion support portion 1105 
attributed to external vibrations is suppressed. Each 
stopper 1106 is flattened for the reason that the clearance 
between the protuberance 1107 and the stopper 1106 can be 

20 made small. 

Although the construction of the optical device in the 
thirteenth embodiment except the stoppers 1106 and the 
protuberant parts 1107 is the same as in the twelfth embodiment, 
at least thepart of each stopper 1106 ismade of a single-layer 

25 film by omitting the Al film of a triple-layer film which 
constructs the movable plate 1231, in order to flatten the 
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stopper 1106, 

In the construction of this embodiment, however, each 
stopper 1106 is not restricted to the flat one, but it can 
also be bent as in the twelfth embodiment. In the case of 
5 bending the stopper 1106, the clearance between this stopper 
and the protuberant part 1107 becomes larger than in the 
case of flattening the stopper 1106, andhence, the positional 
fluctuation of the ref lection^portion support portion 1105 
attributed to the impartation of external vibrations becomes 

10 somewhat larger, but the effect of suppressing the positional 
fluctuation is attained. 

Incidentally, the construction in Fig. 49A is 
manufactured in such a way that, in patterning the movable 
plate 1231 in the manufacturing process described in the 

15 twelfth embodiment, the cuts 1106a are formed. Besides, in 
patterning the external shape of the reflection-portion 
support portion 1105, the protuberant parts 1107 are also 
patterned. Thus/ when the sacrificial layers are removed 
at the last step, the protuberant parts 1107 are inserted 

20 into the corresponding cuts 1106a so as to be snugly fitted, 
by the action in which support portions 1102, 1103 bend to 
raise the reflection-portion support portion 1105. 
(Fifteenth Embodiment) 

An optical device in the fifteenth embodiment of the 
25 present invention will be described with reference to Figs. 
50A and SOB and Fig, 59. 
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The optical device in the fifteenth embodiment is so 
constructed that a hook-shaped part 1110 is provided at the 
distal end of the uppermost-stage unit structural member 
1514 of each thin-film multilevel structure 1005, and that 
5 the hook-shaped part 1110 is inserted into a corresponding 
opening provided in a reflection-portion support portion 
1105, so as to be snugly fitted* The remaining construction 
is the same as in the twelfth embodiment. 

As shown in Fig* 59, the hook-shaped part 1110 in a 

10 shape in which the front vertex of a triangle is removed 
is provided at the distal end of the uppermost-stage unit 
structural member 1514 of each thin-film multilevel 
structure 1005, The hook-shaped part 1110 and the body of 
the unit structural member 1514 are joined by a neck part 

15 1110a. The hook-shaped part 1110 and the neck part 1110a 
are formed unitarily with the body of the unit structural 
member 1514 at the step of forming the unit structural member 
1514 of the uppermost stage, in such a way that; in forming 
the island of a sacrificial layer, and in patterning a thin 

20 film which forms the unit structural member 1514, they are 
respectively formed andpatterned into a shape which includes 
the hook-shaped part 1110 and the neck part 1110a shown in 
Fig. 59. The height (thickness) of the hook-shaped part 1110 
as well as the neck part 1110a is the same as that of the 

25 body of the unit structural member 1514* 

Each of openings 1109 which are provided in the 
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reflection-portion support portion 1105 is formed having 
a width wl which is larger than the width tl of the hook-shaped 
part 1110 of the unit structural member 1514. The height 
of the opening 1109 is made larger than that of the hook-shaped 
5 part 1110, Besides, two rectangular spring parts 1111 are 
provided eo as to suspend from the upper ond of each opening 
1109. The spacing w2 between the two spring parts 1111 is 
smaller than the width tl of the hook-shaped part 1110 of 
the unit structural member 1514, and is larger than the width 

10 t2 of the neck part 1110a. The opening 1109 and the spring 
parts 1111 can be formed at the step of Fig. 54B described 
before, in such a way that, in patterning the film which 
constructs the reflection-portion support portion 1105, into 
the shape of this portion 1105, the constituents 1109 and 

15 1111 are simultaneously patterned. 

In this manner, the hook-shapedparts 1110 are provided 
at the distal ends of the thin-film multilevel structures 
1005, and the openings 1109 are formed in the 
reflection-portion support portion 1105* Thus, when the 

20 sacrificial layers are removed at the last step of the 
manufacturing process, the hook-shaped parts 1110 of the 
thin-film multilevel structures 1005 are inserted into the 
corresponding openings 1109 of the reflection-portion 
support portion 1105, by the action in which the 

25 reflection-portion support portion 1105 rises up owing to 
the bending of support portions 1102, 1103. In the case where 
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eachhook-shapedpart 1110 is insertedinto the corresponding 
opening 1109, the spring parts 1111 of the opening 1109 are 
pushed upwards by the hook-shaped part 1110. When the 
hook-shaped part 1110 has passed the springparts 1111, these 
5 spring parts 1111 come into engagement with both the sides 
of the neck part 1110a. In an ordinary state, accordingly, 
the springparts 1111 lie in touchwith the respective shoulder 
parts 1514a of the unit structural member 1514, thereby to 
suppress the positional fluctuation of the 

10 reflection-portion support portion 1105 attributed to a 
temperature change . Besides, in a case where vibrations have 
been externally imparted to move the reflection-portion 
support portion 1105 onto the side of the leg portions 1102c 
of the support portions 1102, the spring parts 1111 come 

15 into touch with the return parts 1110b of the hook-shaped 
parts 1110/ thereby to suppress the positional fluctuation 
of the reflection-portion support portion 1105, 

By the way, in the aspect shown in Fig. SOB, the spring 
parts 1111 in each opening 1109 are arranged in the sense 

20 in which they are suspended from the upper part of the opening 
1109, but spring parts 1111 can also be arranged in a sense 
in which they are extended from both the sides of the opening 
1109 toward the center thereof, as shown in Fig. 60. As 
compared with the construction in Fig- 59, the construction 

25 in Fig. 60 has the advantage that the mechanical strength 
of the reflection-portion support portion 1105 is difficult 
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to lower* 

Besides, in the construction of this embodiment, the 
openings 1109 are provided in the reflection-portion support 
portion 1105, and parts of this reflection-portion support 
5 portion 1105 are used as the spring parts 1111. Therefore, 
the reflection-portion support portion 1105 can also be 
constructed of a multilayer film of high strength, not the 
single-layer film, in order to endow the reflection-portion 
support portion 1105 with rigidity and to heighten the 
10 strength of the spring parts 1111. 
(Sixteenth Embodiment) 

An optical device in the sixteenth embodiment of the 
present invention will be described with reference to Fig. 
51 and Fig. 61 . 

15 As shown in Fig. 61, the optical device in the sixteenth 

embodiment is such that unit structural members 1515, 1516 
are further added on the unit structural member 1514 of each 
thin-film multilevel structure 1005. The unit structural 
member 1516 of the uppermost stage is formed so as to greatly 

20 extend onto the side of a reflection-portion support portion 
1105. As shown in Fig. 51, the lower end 1516b of the extension 
part 1516c of the unit structural member 1516 lies at a 
position higher than the upper end 1105a of the 
reflection-portion support portion 1105. Thus, the 

25 extension part 1516c of the unit structural member 1516 is 
arranged so as to hang over the reflection-portion support 
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portion 1105. Besides, a downward protuberant part 1516a 
is provided at the distal end of the extension part 1516c, 
The protuberant part 1516a has the same construction as that 
of the support part 1051 of the unit structural member 1516, 
5 and it is formed simultaneously with the step of forming 
thic support part 1051 . The protuberant part 1516a is formed 
so that its distal end may come below the upper end 1105a 
of the reflection-portion support portion 1105. The 
remaining construction is the same as in the twelfth 

10 embodiment. 

In this manner, the unit structural members 1515, 1516 
are arranged at the upper parts of the respective thin-film 
multilevel structures 1005,. whereby when sacrificial layers 
are removed at the last step of a manufacturing process, 

15 the upper end of the reflection-portion support portion 1105 
is interposed between the protuberant part 1071 of the unit 
structural member 1514 in Fig. 61 and the protuberant part 
1516a of the unit structural member 1516, by the action in 
which the reflection-portion support portion 1105 rises up 

20 owing to the bending of support portions 1102, 1103. Besides, 
the surface of the reflection-portion support portion 1105 
on the side of the unit structural member 1514 comes into 
touch with the distal end of the protuberant part 1071 of 
the unit structural member 1514, thereby to be located and 

25 supported. 

In an ordinary state, accordingly, the distal ends 
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of the protuberant parts 1071 of the unit structural members 
1514 lie in touch with the reflection-portion support portion 
1105, thereby to suppress the positional fluctuation of this 
portion 1105 attributed to a temperature change. Besides, 
5 in a case where vibrations have been externally imparted 
to move the ref lection-portion support portion 1105 onto 
the side of the leg portions 1102c of the support portions 
1102, the downward protuberant parts 1516a of the unit 
structural members 1516 hanging over the reflection-portion 

10 support portion 1105 come into touch with the surface of 
this reflection-portion support portion 1105 on the side 
of the leg portions 1102c, thereby to suppress the positional 
fluctuation of the reflection-portion support portion 1105* 
Besides, in a case where large external vibrations have 

15 been imparted to move the reflection-portion support portion 
1105 upwards, this reflection-portion support portion 1105 
comes into touch with the lower ends 1516b of the unit 
structural members 1516, whereby the upward movement of this 
reflection-portion support portion 1105 is suppressed. 

20 (Seventeenth Embodiment) 

An optical device in the seventeenth embodiment of the 
present invention will be described with reference to Fig. 
52. 

The seventeenth embodiment resembles the thirteenth 
25 embodiment in the point that protuberant parts 1107 are 
provided at the lower end of a reflection-portion support 
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portion 1105, and that they are inserted into a movable plate 
1231. In the seventeenth embodiment, however, the distal 
end of each protuberant part 1107 is formed into a T-shaped 
hook part 1107a, Besides, openings 1113 are provided in the 
5 movable plate 1231. Herein, the opening 1113a of each 
opening 1113 on the side of the leg portion 1102c of each 
support portion 1102 has a width which is larger than that 
of the hook part 1107a, and the opening 1113b thereof on 
the side of the reflection-portion support portion 1105 has 

10 a width which is smaller than that of the hook part 1107a, 
Thus, when the reflection-portion support portion 1105 
rises up owing to the bending of support portions 1102, 1103 
by removing sacrificial layers at the last step of a 
manufacturing process, the hook parts 1107a of the 

15 protuberant parts 1107 are first inserted into the wider 
openings 1113a by the movement of this reflection-portion 
support portion 1105, respectively. As the 

reflection-portion support portion 1105 rises up more, the 
hook parts 1107a are moved onto the side of the narrower 

20 openings 1113b, respectively* In this way, the protuberant 
parts 1107a come into engagement with the corresponding 
openings 1113b* 

Unlike any of the foregoing embodiments, the 
construction of the seventeenth embodiment cannot suppress 

25 the movement of the reflection-portion support portion 1105 
onto the side of the legportions 1102c of the support portions 
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1102 when the external vibrations have been imparted* The 
seventeenth embodiment, however, can suppress the upward 
movement of the ref lection-portion support portion 1105* 
As described in each of the twelfth - seventeenth 
5 embodiments, according to the present invention, the 
positional fluctuation of the reflection-portion support 
portion 1105 attributed to the impartation of the external 
vibrations can be suppressed, and hence, the optical device 
furnished with the stable mirror 1118 can be provided. 

10 Incidentally, the construction for suppressing the 

positional fluctuation of the reflection-portion support 
portion 1105 is not restricted to the stoppers 1106/ 
protuberant parts 1107, thin~f ilmmultilevel structures 1005, 
etc. described before, but any other construction having 

15 the same function can be adopted. 

Besides, in each of the twelfth - seventeenth 
embodiments described above, the suppression means, such 
as the stoppers 1106, protuberant parts 1107 or thin-film 
multilevel structures 1005, for suppressing the positional 

20 fluctuation of the reflection-portion support portion 1105 
are disposed in the number of two for the single mirror 1118, 
but it is also possible to dispose single suppression means 
or" three or more suppression means. 

Besides, the construction of the optical device is not 

25 restricted to the constructions described before, but any 
of the stoppers 1106, etc. in the twelfth - seventeenth 
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embodiments can also be employed as the stoppers for 
suppressing the positional fluctuation, in an optical device 
of another construction in which the mirror 1118 is mounted. 
The construction of each of the twelfth - seventeenth 
5 embodiments for suppressing the positional fluctuation can 
be applied to, for example, an optical device in which the 
mirror 1118 is mounted on a movable plate 1231 supported 
on both its sides. 

As thus far described, according to the present 
10 invention, it is possible to provide an optical element which 
includes a light reflection portion capable of reflecting 
a light beam in a desired direction. 
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